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ABSTRACT
Stomata are found on the surfaces of land plants and are crucial for regulating gas
exchange between plants and the atmosphere. These structures are composed of a pore
that is surrounded by two specialized guard cells. The critical importance of stomata in
providing CO2 uptake while controlling the release of water has made them a prime target
for improvement of plant productivity and water use efficiency. In Arabidopsis, the
production of a mature stomata requires the expression of the basic helix-loop-helix
(bHLH) master regulatory gene, MUTE. The function of MUTE and its expression pattern
have been characterized. In this study, promoter deletion analysis of MUTE was
performed to identify specific regions that control the spatiotemporal expression of
MUTE. Expression vectors with truncated promoter segments driving the expression of
GFP (Green Fluorescent Protein) were transformed into Arabidopsis. A region of 110-bp
was identified as required for MUTE expression. This 110-bp region was further
analyzed for putative cis-elements using publicly available databases. Seven possible
CREs (CIS-Regulatory Elements) were identified which are known binding sites for
transcription factors involved in development, dehydration, light regulation, and stomatal
pore physiology. Three of these putative elements were chosen for targeted mutagenesis
to produce GFP expression vectors for future molecular characterization in A.thaliana.
This work provides novel insight into the regulatory mechanism driving MUTE
expression and offers new tools for identifying key regulatory elements in the future.
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CHAPTER 1

LITERATURE REVIEW

Plants are sessile organisms that need to adapt to changing environmental
conditions, including some of the harshest on earth. Epidermal cells of higher plants
produce a waxy covering, called a cuticle, which minimizes the exchange of water and
gases (such as O2 and CO2) between the plant and the environment. Due to the
permeability barrier that the cuticle presents, plants utilize small pores called stomata,
composed of two specialized guard cells that use turgor-driven movements to control the
size of an intervening pore. Stomata represent an evolutionary innovation, which allow
plants to control the amount of water and gas exchange in response to biotic and abiotic
cues. Stomata are present on all higher land plants and are required for robust growth and
biomass production. Stomatal function is highly conserved across plants species, although
morphology and distribution can differ (Ziegler 1987; Edwards et al., 1998; Peterson et
al., 2010). The two forms of stomata guard cells are specific to the two clades of
angiosperm, the monocots and dicots. The “kidney-shaped” form is common to dicot
species and “dumbbell-shaped” guard cells are prevalent in monocots (Figure 1.) (Evert,
2006). Regardless of shape, the passage of gas and water through stomata allow for
efficient transpiration and photosynthesis.
In dicots, the production of stomata begins with the establishment of meristemoid
mother cell (MMC) identity from a group of protodermal cells. Once established, an
MMC executes an asymmetric division (ACD) (Figure 2). This division produces a small

triangular cell and a much larger cell. The smaller triangular daughter cell is designated a
meristemoid while the larger cell is termed a stomatal lineage ground cell (SLGC). The
SLGC can differentiate into a pavement cell (Shpak et al., 2005) or alternatively, can
initiate another ACD that is always placed distal to an existing meristemoid. A
meristemoid can undergo several rounds of asymmetric division, referred to as amplifying
divisions, but ultimately a meristemoid differentiates into a guard mother cell (GMC). A
GMC divides symmetrically to form two guard cells surrounding a pore (Nadeau and
Sack, 2002).
Arabidopsis thaliana belongs to the Brassicaceae family and is used extensively
for plant research. Because of its small size, sequenced genome, rapid growth and the ease
at which genetic transformants can be produced; it is a very important model for
development, genetics, and physiological plant studies (Pang and Meyerowitz, 1987; Aoki
et al., 2007). The specific mechanisms driving stomatal development have been studied
most extensively in A.thaliana, which provides an excellent model to study signal
transduction, cell-cell communication and cell-type differentiation (Macalister et al, 2007,
Pillitteri et al 2007, Shpak et al, 2005, Hara et al., 2007). Epidermal cell types are easily
tractable and visibly distinguishable during development. The major genes required for the
differentiation of each cell type have been characterized and their mutant phenotypes are
easily identifiable.
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Figure 1. Images (DIC) of differing
morphologies of stomata. Kidneyshaped stomata found in
Arabidopsis on left and dumbbellshaped stomata found in rice
(modified from Liu et al., 2009).
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Stomatal differentiation genes
The key regulators of stomatal differentiation belong to a class of protein that
contains a basic helix-loop-helix (bHLH) domain. These groups of proteins are
evolutionarily conserved across all domains. bHLH proteins comprise the second largest
group of proteins (165 members) in A.thaliana, but only a small subset of them have been
have been characterized in detail (Toledo-Ortiz et al., 2003; Pires and Dolan, 2010). The
transcription factor Lc was one of the first of bHLH protein characterized in plants and is
involved in anthocyanin biosynthesis in Zea mays (Ludwig et al., 1989). Carretero-Paulet
et al., (2010) described a vast collection of bHLH proteins (640) with similar function
from a wide-range of photosynthetic organisms, including many crop species. These
functions include light and hormone signaling (Khanna et al., 2004; Oh et al., 2004; Hyun
and Lee, 2006; Yin et al., 2005; Lee et al., 2006), stress responses (Chinnusamy et al.,
2003; Kiribuchi et al., 2004), shoot branching (Komatsu et al., 2001), stomata
development (Pillitteri et al., 2007; Kanaoka et al., 2008; Macalister et al., 2007; OhashiIto and Bergmann, 2007), root development (Menand et al., 2007; Ledent and Vervoort,
2001; Amoutzias et al., 2004; Stevens et al., 2008; Robinson and Lopes, 2000), and
brassinosteroid signaling (Gudesblat et al., 2012).
bHLH proteins have a 60 amino acid core that is highly conserved and is made up
of two functionally distinctive regions, the basic region and the HLH region. The basic
region is comprised of 13-17 amino acid residues that can bind specifically to DNA
regulatory elements defined as E-box motifs (CANNTG). The basic region also contains 3
highly conserved amino acids (His9–Glu13–Arg17). GLU-13 is a key residue involved in
4

DNA binding, whereas Arg-17 provides specificity for specific E-box sequence. The HLH
region consists mostly of hydrophobic amino acids that participate in dimer formation
with partner proteins (Atchley and Fitch, 1997; Massari and Murre, 2000; Toledo-Ortiz et
al., 2003).

Genetic control of stomatal differentiation
In land plants, five master regulatory bHLH proteins, SPEECHLESS (SPCH),
MUTE, FAMA, SCREAM1 (SCRM1) and SCRM2 (Figure 2.), are essential for stomata
differentiation (Ohashi-Ito and Bergmann 2006; MacAlister et al., 2007; Pillitteri et al.,
2007; Kanaoka et al., 2008). SPCH, MUTE and FAMA contain an evolutionarily distinct
domain that shares similarity to an ACT domain. The ACT domain is implicated in protein
dimerization and named based on its founding members that contain the domain;
ASPARTATE KINASE, CHORISMATE MUTASE and TyrA (Chipman and Shaanan,
2001; Feller et al., 2006). SCRM1 and SCRM 2 do not share this domain, but contain a
KRAAM domain, which is critical for their function (Kanaoka et al., 2008). Single lossof-function mutants in SPCH, MUTE or FAMA produce no stomata, whereas SCRM1 and
SCRM 2 have redundant functions (Ohashi-Ito and Bergmann, 2006; MacAlister et al.,
2007; Pillitteri et al., 2007; Kanaoka et al., 2008).

5

Figure 2. Model demonstrating the differentiation of stomata by master
regulatory genes. The initial asymmetric division is propagated by SPCH. The
termination of asymmetric cell division is driven by MUTE. Final
differentiation is completed by FAMA. SCRM is required for each step of
these transitions (Pillitteri et al., 2007)
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In A.thaliana, SPCH is required for the first asymmetric division of a MMC. In the
loss-of-function mutant spch-1, the epidermis consists only of pavement cells (Figure 3B).
A functional SPCH protein is essential for expression of MUTE and FAMA (MacAlister
et al., 2007). Pillitteri et al., (2007) demonstrated that MUTE is required for the
differentiation of a meristemoid into a guard mother cell. A null mutation in MUTE causes
excessive asymmetric division of a meristemoid and the production of a rosette of cells
surrounding an arrested meristemoid (Figure 3C). FAMA is required for restricting GMC
divisions and promoting GMC differentiation. (Ohashi-Ito and Bergmann, 2006). fama-1
mutants lack guard cells and produces GMCs that undergo multiple rounds of division to
produce long clusters of GMCs (Figure 3D). SCRM1 and SCRM2 are proposed to
physically bind with SPCH, MUTE and FAMA to promote the progression through the
stomatal lineage. The double knock out mutant of scrm:scrm2 produces an epidermis
lacking asymmetric divisions, a phenotype resembling spch-1. (Kanaoka et al., 2008).
The expression pattern of the stomatal regulator genes is highly specific. For
instance, MUTE is transiently expressed only in late-stage meristemoids, presumably
those that will differentiate into a GMC. Its expression is likely under tight control
because ectopic expression of MUTE outside of meristemoids results in massive stomata
production at the expense of other epidermal cell types (Torii et al., 2007). SPCH, SCRM1
and SCRM2 are required for MUTE expression, but whether this regulation of MUTE is
direct or indirect is not known.

7

Figure 3. (A) to (D) DIC images of abaxial leaf epidermis of wild type, spch,
mute and fama respectively. Black and white arrows indicate meristemoid
cells, stomata, respecitively. Five and four point starts represent pavement,
and clustered cells. From Pillitteri and Torii, 2007.
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Orthologs of SPCH, MUTE and FAMA have been identified in other plants,
including, Zea mays (maize) and Oryza sativa (rice), and at least nine other orthologs with
conserved coding regions (80 % similarity) have been identified from additional species
(Lui et al., 2009; MacAlister and Bergmann 2011). Liu et al., (2009) demonstrated that an
AtMUTE promoter driving OsMUTE or ZmMUTE cDNAs can partially rescue the mute-1
phenotype in A.thaliana. Interestingly, this complemetation was only able to rescue
stomata on the edge of leaves, and did not complement stomata in the central areas of the
leaf epidermis. This indicates that ZmMUTE and OsMUTE can functionally substitute for
the endogenous MUTE protein. The temporal transcriptional expression of the orthologs
in zea and oryza differed from Arabidopis (Liu et al., 2009). This difference could be
attributed to the differences in stomatal development between monocots and dicots (Liu et
al., 2008) or unconventional regulatory regions in the ortholog’s promoters. MUTE
orthologs from dicot species have been identified, but functional and regulatory
conservation has not been tested (Dong and Bergmann, 2010). Together, these data
provide evidence for functional conservation of stomatal regulators between monocots and
dicots, but may suggest regulatory divergence between monocots and dicots in stomatal
differentiation.
A principle assumption of my work is that transcriptional regulation of MUTE is
controlled by specific DNA regulatory elements in the MUTE promoter. To determine the
sequences necessary for MUTE expression in A.thaliana, promoter deletion analysis was
performed on the MUTE promoter. In addition, vectors with site-specific changes in the
DNA promoter elements were produced to test biological relevance in planta. This work
9

contributes information about the endogenous elements that regulate a key stomatal
differentiation gene and provides new tools for meristemoid-specific expression markers
for the plant community as a whole.
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CHAPTER 2
CHARACTERIZATION OF PROMOTER-DELETED EXPRESSION VECTORS
OF MUTE IN A.THALIANA
Introduction
Gene Regulation
Plants perceive and integrate a wide variety of molecular signals during
development to regulate gene expression and adapt to changes in the environment. One
mechanism for responding to environmental changes is through changes in transcript
abundance. For example, plants adapt quickly to light intensity changes through the
regulation of components of the photosynthetic machinery. Shen et al., 2009, showed that
dark grown plants produce minimal amounts of LIGHT-HARVESTING CHL A/BBINDING (LHC) transcripts. When provided with light, transcript accumulation of LHC is
very rapid and greening of leaves can readily be observed within 6 hours of exposure to
light (Shen et al., 2009). Plants also respond rapidly to abiotic and biotic stresses induced
by invading pathogens or organisms. In Oryza sativa, transcript abundance of
phospholipase D (OsPLDβ1) rapidly decreases upon exposure to Pyricularia grisea and
Xanthomonas oryzae pv. oryzae pathogens (Yamaguchi et al., 2009). Transcriptional
regulatory elements required for expression under stress conditions have been identified
for numerous genes (Yamaguchi-Shinozaki, and Shinozaki, 1994; Abe et al., 1997; Zou et
al., 2011) however, for the majority of genes, very little is known about the regulatory
elements that are important for gene expression under specific conditions (YamaguchiShinozaki and Shinozaki, 2005).
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Genes are flanked by regulatory regions that provide transcriptional control of their
expression. One regulatory region the promoter is responsible for the binding of RNA
polymerase II. This binding allows for basal level transcription. Two types of promoters
exist, constitutive and regulated. Constitutive promoters typically regulate “housekeeping”
genes and are ubiquitously active in most cells of the organism. Generally, genes with
constitutive promoters code for proteins that control basic physiological functions required
by all cells (Sunilkumar et al., 2002). In contrast, regulated promoters are activated in a
temporal or spatial-specific manner under particular conditions in a cell or tissue type
(Nagatani et al., 1997).
In A.thaliana, promoter regulatory sequences typically span 1 to 2 kilobases (Kb)
upstream of the translational start site (TTS). In plants there are general regions of the
promoter that contain multiple sites called cis-elements that are bound specifically by
different types of transcription factors. In both plants and animals, multiple transcription
factors can work in concert and bind cis-elements (conserved sequence motifs in animals)
to synergistically direct gene expression (Wolberger, 1998). The majority of the ciselements required for gene regulation and expression in A.thaliana are localized
immediately upstream from general initiation sequences or TATA box (The Arabidopsis
Genome Initiative, 2000) and gene expression can be abolished if one or more cis-element
is altered or missing (Christensen et al., 1992). In A. thaliana, expression of the phosphate
transporter gene AtPHT1;4 was dependent on the PHOSPHATE STARVATION
RESPONSE (PHR1) transcription factor which binds to a P1BS cis-element in the
promoter of the AtPHT1;4. When this element was deleted from the promoter, no
16

transcripts were detected (Karthikeyan et al., 2009). Guard cell-type specific expression of
AtMYB60, which encodes an R2R3 MYB transcription factor that regulates stomatal
opening in A. thaliana, was dependent on multiple cis-elements, including a plant specific
DOF (DNA binding with One Finger) binding element (T/AAAG) (Cominelli et al.,
2011).
Transcriptional regulation of gene expression in eukaryotes occurs through several
mechanisms. Most genes require the general transcription factors, which include the
TATA-binding protein (TBP). TBPs bind the TATA-box, which is found upstream of the
transcriptional start site of many genes. TBP helps to recruit RNA polymerase and several
other proteins to initiate transcription (Green, 2000). Alone, this complex of general
transcription factors commonly results in a low rate of transcription, additional sitespecific transcription factors along with co-activators are needed for robust or
temporally/spatially restricted transcript expression.
Sequence-specific DNA binding transcription factors function through selective
binding to regulatory elements of genes that is assumed to respond to specific conditions
or development stages. These transcription factors act by promoting or repressing the
recruitment of RNA polymerase to activate or suppress transcription, respectively (Green,
2000). Transcription factors have separate and functionally specific domains that directly
bind to DNA. They also often contain protein interaction domains that can participate in
the binding of co-activators or other transcription factors through hetero or homodimerization (Singh, 1998). The DNA binding domain of transcription factors allows them
to be classified into TF families (Luscombe et al., 2000). Many gene promoters are
17

regulated by multiple transcription factors that work in combination (Luscombe et al.,
2000; Ptashne and Gann, 2002).
A second level of transcription regulation is derived from chromatin remodeling
proteins. Chromatin is the combination of both DNA and proteins that make up the
contents of the nucleus. A major component of chromatin is nucleosomes, which are
composed of an octomer of histone proteins, that a segment of DNA wraps around, similar
to a thread on a spool (Luger et al., 1997). Chromatin remodelers can assist with
nucleosome movement on DNA or modify histone proteins to create regions of
transcriptionally inactive or active DNA. For instance, through the action of
acetylation(adding acetyl groups) and deacetylation of specific lysine residues on histone
tails, they can activate or suppress transcription activity by neutralizing the charges on the
histone proteins and altering their interaction with DNA (Cosma et al., 2001).
Taken together, a common model for transcriptional activation of gene expression
incorporates both these mechanisms. Chromatin remodeling proteins identify specific
histone marks such as acetylation upstream from a gene and recruit additional proteins that
reorganize the histone-DNA complex (Luscombe et al., 2000). Sequence specific sites in
gene promoters then become accessible allowing for TF binding. Interactions between TF
and cofactors recruit RNA polymerases to initiate and regulate transcription of the gene
(Agalioti et al., 2000).
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Reporter Genes
Promoter-reporter fusions have become a useful tool to identify the regulatory
elements necessary for conditional, spatial and temporal gene (Santamaria et al., 2001). A
reporter gene encodes a nontoxic protein that is expressible in planta and readily
observable and measured. The reporter gene can be directly fused with a protein of interest
to observe protein localization and dynamics using a translational fusion or expressed with
virtually any type of gene specific promoter to allow for direct visualization of GFP of
promoter activity (Pillitteri et al., 2011).
Commonly used reporters in plants include β-glucuronidase (GUS), Green
Fluorescent Protein and Luciferase (Saika, 2011). β-glucuronidase (GUS) breaks down 5bromo-4-chloro-3-indolyl glucuronide (X-Gluc) resulting in the production a blue colored
compound. Detection of GUS activity using X-Gluc requires chemical fixation of the
sample and the addition of the X-Gluc substrate for visualization (Jefferson et al., 1987;
Helmer et al., 1984; Coelho, 2010). This destructive nature of the fixation process does
not permit visualization in living tissue; however an advantage is that additional substrates
can be used in quantitative spectrophotometric and fluorometric assays.
Luciferase is an enzyme that acts on the luciferin substrate in the presence of ATP
and oxygen (Ow et al., 1986). The reaction emits light that can be detected by a lightsensitive apparatus. Luciferase has a short halflife and therefore does not accumulate in
the cell to any extent. These properties make luciferase a good marker for monitoring
changes in gene expression over time, without the confounding effect of reporter protein
accumulation.
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Green Fluorescent Protein (GFP) or the similar proteins CFP or YFP have become
popular alternative to the GUS and luceriferase reporters. These fluorescent markers are
27 kDa barrel-shaped proteins which produce bright fluorescence when exposed to the
appropriate excitation wavelength. These proteins have a long half life in the cell and new
variants do not easily bleach under long exposure to UV light (Carlson et al., 2001;
Michaelson and Phillips, 2006). In contrast to luciferase, fluorescent reporters use the
accumulation of protein molecules as an indication of gene expression.

Identification of promoter Regulatory elements
Promoter deletion analysis is a common method used to gain a better
understanding of gene regulation and identify specific regions within the promoter that are
required for proper regulation (Zarka et al., 2003; Karthikeyan et al., 2009; Cominelli et
al., 2011). This method requires that sequentially longer fragments of a gene promoter
upstream from the translational start site be produced. These sequential pieces are cloned
upstream of the coding region of a reporter gene and expressed in a plant system for
analysis. The level and localization of reporter gene expression is analyzed for each
sequential promoter fragment. Visualization of the reporter gene is correlated with the
activation of the promoter. Complications can arise if the deletion removes closely
associated sequences that are needed for regulation or most commonly removes two
sequences that are cooperatively needed to illicit a single response (Sugawara et al., 1996).
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Present Study
Pillitteri et al., (2007) identified the gene MUTE (At3g06120) which encodes a 202
amino acid protein that has a conserved basic helix-loop-helix domain in the first 50
amino acids. Proteins that regulate the progression of the stomatal pathway have been
identified, however what is not known is how these genes are regulated. This study
focuses on regulation of MUTE, to identify in the region or elements of the promoter
required for normal expression in meristemoids. In this study, a series of MUTE promoter
fragments were cloned upstream of GFP and transformed into A.thaliana using
Agrobacterium tumefaciens-mediated transformation. Seedlings were analyzed 18 days
post germination using bright field and fluorescent microscopy. A 110-bp promoter
fragment was identified as required for proper MUTE expression. Stable reporter lines
were generated for future use.

Materials and Methods
Plant Material and Growth Conditions
A.thaliana Columbia (Col) ecotype was used as the wild type background in this
study. All seeds sowed in this study were surface sterilized in 1mL solution containing
0.1% (v/v) Triton X-100, and 30% sodium hypochlorite (v/v) for 10 minutes with constant
shaking, and rinsed with sterile water a minimum of 4 times. Seeds were plated onto 1X
Murashige and Skoog (MS) media (Caisson Laboratories, North Logan, UT) pH 5.7,
supplemented with 1% sucrose and 0.8% Bacto-Agar. Each plate was sealed with
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micropore tape (3M Healthcare, St. Paul, MN) and placed at 4˚C for 24 hours. Plates were
transferred to a growth room under a 16h light/8 hour dark cycle at 21˚C (standard
conditions).
Seedlings (16-18 days post germination) were transplanted from MS media onto a
mix containing 2:1:1 peat soil, vermiculite and perlite, respectively. Soil was augmented
with slow release fertilizer (approximately 6 pellets per/pot, Osmocote Smart Release
fertilizer 19-6-12, ICL, Tel-Aviv, Israel). Plants were kept under high humidity conditions
using a plastic tray cover for 2 days after transplant and maintained in a growth room
under standard conditions and watered as needed.

Primer Synthesis
All primers used for these experiments were synthesized by Eurofins MWG
Operon. Precipitated primers were resuspended in sterile water to a stock concentration of
100µM. Working stocks for PCR were 10µM.

Entry vector construction
Plasmids used for the promoter deletion analysis were graciously constructed by
Rachael Bakker and Elizabeth Anderson. pEMA101, pEMA100, pRAB104, pRAB102,
and pRAB101 were constructed by amplifying 1305-bp, 522-bp, 411-bp, 229-bp and 136bp, respectively; of nucleic acid sequence immediately upstream of the MUTE
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translational start site, respectively (Table 1). Amplicons were produced using sequencespecific forward primer combined with MUTE -1.rc reverse primer (Table 1). The
following reagents and concentrations were used for each PCR reaction according to
manufacturer’s instructions; PrimeSTAR Buffer (1X) (Takara Bio Inc., Otsu, Shiga,
Japan), dNTPs (200μM each), forward and reverse primers (0.25μM each), PrimeSTAR
HS DNA Polymerase (1.25 units) (Takara Bio Inc.), pLJP220 (MUTEpro-1956::GFP,
Pillitteri et al., 2007) (20ng), and sterile water up to 50μL. Thermocyling parameters were
98˚C for 10 sec, 55˚C for 5 sec, and extension at 72˚C depending on desired fragment
length (1kb/min.) for 30 cycles.
PCR amplicons were run on an agarose gel and gel purified using the UltraClean
Gel purification kit, (Mo Bio, Carlsbad CA). Gel-purified DNA was cloned into the TOPO
pENTR-D vector using the Directional TOPO Cloning kit (Invitrogen, Carlsbad, CA)
according to manufacturer’s instructions. 2µL of each TOPO ligation reaction was used to
transform chemically competent DH5α or TOP10 (Invitrogen) E. coli by incubating the
reaction mix and cells on ice for 5 minutes. Cells were placed into a 42˚C dry block for 30
seconds and immediately transferred to ice. To each transformation reaction, 750µL
(DH5alpha) or 250µL (TOP10) of S.O.C medium [2% Bacto Tryptone (w/v), 0.5% Yeast
Extract (w/v), NaCl 8.6mM, KCl 2.5mM, MgSO4 20mM, and Glucose 20mM] was added
and cells were incubated at 37˚C for 1 hour with shaking at 250 RPM standard heat shock
method (Clewell et al., 1990). Transformation reactions were plated onto Luria Bertani
(LB) media with kanamycin (50µg/mL) and incubated overnight at 37˚C.
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Individual colonies from each plate were selected and grown in selective LB liquid
medium with kanamycin (50µg/mL) at 37˚C for 16-20 hours in an orbital shaker at 250
RPM. Plasmids were purified using Qiagen miniprep kit components (Valencia, CA) and
Uprep spin columns, (Genesee Scientific, San Diego, CA) following manufacturer’s
directions. Sequencing was performed on all plasmids according to Nevada Genomics
Core Facility guidelines (http://www.ag.unr.edu/genomics/protocols.html). Glycerol
stocks (750µL bacterial culture and 750µL 80% glycerol) were made for long-term
storage of bacteria carrying each vector and stored at -80˚C.
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All deleted PCR fragments were cloned into a TOPO‐D vector and subcloned into a GWB4 destination vector.

Expression vector (GFP reporter) construction
Promoter-deleted “entry” vectors (pEMA101, pEMA100, pRAB104, pRAB102,
and pRAB101, Table 1) were combined with the Gateway cloning “destination” vector,
GWB4 (Nakagawa et al., 2007) containing the open reading frame of Green Fluorescent
Protein (GFP) downstream of the recombination site. Recombination was performed using
2µL Gateway LR Clonase II enzyme (Invitrogen) in a 1.5mL tube with TE buffer (10mM
Tris-Cl, and 10mM Tris-Cl pH 8.0) and adding entry vectors and destination vectors
together in 1:1 ratio (approx. 75ng:75ng) according to manufacturer’s instructions. These
reactions produced pEMA102, 103 and pRAB105-108 (Table 1). LR Clonase reaction
mixtures were transformed into DH5α E. coli using a standard heat shock method.
Bacteria were plated on selective LB media with kanamycin (50µg/mL) and hygromycin
(50µg/mL), and incubated overnight at 37˚C.
Individual colonies were selected and grown in 5mL overnight selective LB media.
pEMA102, pEMA103 and pRAB105-108, plasmids were purified using Qiagen miniprep
kit, (Valencia, CA) and Uprep columns, (Genesee Scientific) following manufacturer’s
directions. Glycerol stocks were prepared and stored at -80˚C.

Agrobacterium Transformation via electroporation
Purified plasmids (pEMA102, pEMA103, and pRAB108, pRAB106, pRAB105)
were transformed into A. tumefaciens strain GV3101 via electroporation. For each
plasmid, 1µL (approx. 25ng) was added to 50µL electrocompetent cells, and incubated on
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ice for 5 minutes. The cells were transferred to an ice-chilled 0.2cm electroporation
cuvette (Gene Pulser Cuvettes 165-2082, BioRad, Hercules, CA). The cells were
electroporated using the Gene Pulser II (BioRad) at 1.5kV, 60Ω, and 25.0μFD.
Immediately after electroporation, 1mL of SOC medium (2% Bacto Tryptone (w/v), 0.5%
Yeast Extract (w/v), NaCl 8.6mM, KCl 2.5mM, MgSO4 20mM, and Glucose 20mM) was
added and cells were incubated at 30˚C for 1-2 hours in a shaker at 250 RPM. The
transformation reactions were plated on selective LB media containing kanamycin
(50µg/mL) and hygromycin (50µg/mL) and incubated at 30˚C for 48 hours.
Individual colonies were selected from each plate and grown overnight in
selective LB liquid medium containing kanamycin (50µg/mL) and hygromycin
(50µg/mL). Cultures were incubated on an orbital shaker at 250 RPM for 24 hours at
30˚C. Plasmid DNA was purified using the Qiagen miniprep components (Valencia, CA),
Uprep columns (Genesee Scientific) following manufacturer’s instructions for low-copy
plasmid purification. PCR confirmation of each plasmid was performed using promoterspecific forward primers and a reverse primer in the coding region of GFP. Specifically,
each construct was confirmed using separate PCR reactions with the MUTE -522, MUTE
-411, and MUTE -229 forward primers with the GFP reverse primer (Table 1). A positive,
LJP220 and negative control (wild type genomic DNA) were used for each set of
reactions. Glycerol stocks of each line were made and stored at -80˚C.
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Plant Transformation
Wild Type plants were transformed using the floral dip method (Clough and Bent
1998). A. tumefaciens carrying pEMA102, pEMA103 pRAB108, pRAB106, and
pRAB105 (Table 1) were grown in 500ml of selective LB media with kanamycin
(50µg/mL) and hygromycin (50µg/mL) for 48 hours at 30˚C. Individual cultures were
transferred to 250mL centrifuge tubes and centrifuged at 5200 RPM at 4˚C for 20 minutes.
The supernatant was removed and the pellet was resuspended in 500mL of transformation
solution (5% sucrose solution, 0.02% (v/v) Silwet L-77, 1X Gamborg’s vitamins).
A.thaliana were grown on MS media for 2-3 weeks and transferred to soil as
described previously. To encourage growth and secondary inflorescences plants were
clipped 1-3 times at the base of fresh inflorescences. Each pot contained 5-9 plants and
was dipped individually into transformation solution for approximately 30-60 seconds
with gentile swirling. The plants were placed up right and tented in plastic wrap to
maintain high humidity conditions, and kept at room temperature for 24 hours (Clough
and Bent, 1998). Pots were removed from high humidity conditions and transferred to a
growth chamber under standard conditions and watered as needed.

Transgenic seedlings selection
T1 seeds were collected in bulk from Agrobacterium-infiltrated A. thaliana (T0)
plants and stored at room temperature in labeled 1.5ml tubes with DriRite for long-term
storage. Between 1000-1500 T1 seeds were surface sterilized as previously described and
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sowed directly onto 1X MS selective media containing kanamycin (50µg/mL), timentin
(100mg/mL), and hygromycin (50µg/mL). Each plate was sealed with micropore tape (3M
Healthcare) and placed at 4˚C for 24 hours and transferred to standard growth room
conditions. Seedlings (T1) that were resistant as determined by root development and
green color were examined for GFP expression (see procedure below) and transferred to
soil after 18 days. T2 seed were collected from individual T1 plants.
At least 20 independent T1 lines were collected from lines carrying EMA102, 103
and RAB 108, 106 and 105. Approximately 100 T2 seeds from independent T1 lines were
surface sterilized and germinated on MS plates with kanamycin (50µg/mL) and
hygromycin (50µg/mL). After 18 days, a subset of selected T2 seedling populations that
displayed resistance at a ratio of ~3:1 were transplanted onto soil for collection of next
generation seed. Seed (T3) was collected from 9 individual T2 plants and stored. Tissue
samples of the leaf were collected from three individual plants from each T1 and T2 lines.
The genomic DNA (see below collection and DNA extraction method) was used for
molecular analysis (plant confirmation was performed as described in A. tumefaciens
transformation confirmation) to confirm appropriate construct insertion.
Approximately 100 seeds from 9 individual T3 plants from each line were plated
onto selective MS media with kanamycin (50µg/mL) and hygromycin (50µg/mL) and
scored for segregation and resistance; seed populations that did not produce susceptible
plants in the T3 generation were collected and stored as homozygous lines. PCR
confirmation was conducted on all collected T3 individuals to confirm insertion of the
transgene.
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Microscopy and Imaging
The abaxial leaf epidermis was used for all images. The youngest true leaf was
removed from individual T1 and T2 plants carrying EMA102, EMA103, RAB108,
RAB106, RAB105 at 18 days post germination. Leaves were mounted in deionized water.
Plant carrying MUTEpro-1956::GFP (LJP220) line was used as a comparison standard for
correct GFP expression. Bright field and epi-fluorescence microscopy was performed
using an Olympus XL-B1 at 100X magnification. Bright field images were adjusted to
25% brightness, gain of 1, and 650 millisecond exposure. All GFP images were taken at
45% brightness, gain 2, and 500 millisecond exposure. All images were captured using a
high resolution SPOT CCD camera and image grabbing Spot Cam 3.0 software
(Diagnostic Instruments, Inc, Sterling Heights, MI). Brightness, contrast, and color
masking settings were adjusted using Image J software. Corresponding bright field and
fluorescent images were merged after adjustments.

DNA extraction
A small leaf (approx. 3mm X 3mm) from T1 and T2 plants carrying MUTEpro1956::GFP, RAB 105,106, and RAB 108 were removed with sterile forceps. The leaf was
placed into a 1.5mL tube containing 200µL of DNA extraction buffer (200mM Tris-HCL,
250mM NaCl, 25mM EDTA, and 0.5% SDS) and homogenized with a sterile plastic
pestle. Homogenized solutions were centrifuged at 13,500 RPM for 5 min at 4˚C, 150µL
of supernatant was removed from individual tubes and placed into a new 1.5mL tube
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containing 150µL of isopropanol, inverted 3-4 times and incubated at room temperature
for 2 minutes. Tubes were centrifuged at 13,500 RPM for 5 min at 22˚C and the
supernatant was discarded. Approximately 500µL of 70% ethanol was used to rinse the
pellet and immediately removed. Samples were inverted and dried for a minimum of 45
min on Kim-wipe paper. Dried pellets were resuspended in 100µL of Millipore-filtered
water. DNA was stored at -20˚C until use.

Results
Deletion analysis and PCR confirmation
A. thaliana’s MUTE promoter is represented by the 1,956 (annotated 1754)
nucleotides immediately upstream from the translation start site of the MUTE gene
(AT3G06120, Figure 4). This promoter can fully complement the mute mutant when
driving the expression of the MUTE open reading (Pillitteri et al., 2007). MUTE has a
highly specific and transient expression pattern during above ground organ development.
Specifically, the full-length promoter drives expression of a GFP-tagged MUTE protein
(MUTE-GFP) only in a subset of meristemoids, presumably those that have been triggered
to undergo a cell-state transition into a guard mother cell (Pillitteri et al., 2007; Serna,
2009). MUTE promoter activity is broader, extending into GMCs and young guard cells,
but still specific to the stomatal lineage.
To identify the region of the promoter required for proper MUTE expression, a
series of promoter-deletion plasmids were constructed and compared to the wild type
MUTE promoter (Figure 5). The promoter-deletion series included the 1305-bp
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(pEMA103), 522-bp (pEMA102), 411-bp (pRAB108), 229-bp (pRAB106), and 136-bp
(pRAB105) DNA fragments extending upstream of the translational start site of MUTE.
Each of these promoter fragments was subcloned upstream of the open reading frame of
sGFP (S65T) (Figure 6). The base vector used in this study has been used previously to
visualize the expression of MUTE (Pillitteri et al., 2008; Pillitteri et al., 2011). These
promoter-deleted GFP constructs were transformed into the Col wild type background and
characterized for GFP expression.
Confirmation of the correct promoter fragment in transgenic plants was done using
PCR. A subset of T2 transformants for each promoter-deleted construct was tested for the
appropriate vector using a combination of primers that would give a distinct pattern of
bands for the individual constructs. All tested transformants gave the predicted band
pattern, confirming the presence of the correct construct (Figure 7). For instance,
MUTEpro-1956::GFP and MUTEpro-1305::GFP (lanes 3 and 4, Figure 7a) show a band
at 1556-bp, which is the amplification product using the MUTE-1305 forward primer and
the GFP reverse primer. Using the same primers on genomic DNA isolated from plants
carrying MUTE-522::GFP, MUTEpro-411::GFP, MUTEpro-236::GFP, and MUTEpro136::GFP (lanes 5-8, 7A), resulted in no amplification. Using the MUTE-522 and GFP
reverse primer, a ~773-bp band was amplified only from DNA isolated from plants
carrying MUTEpro-1305::GFP and MUTEpro-522::GFP (lanes 4 and 5, Figure 7B).
MUTEpro-411::GFP, MUTEpro-236::GFP, and MUTEpro-136::GFP did not produce any
positives bands using these primers. A negative control (lane 2 for all panels) containing
untransformed genomic DNA and a positive control containing the expression vector
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LJP220 (MUTE-1956::GFP, lane 3) were used in all reactions (Figures A-D). This
illuminated the production of false positive bands.
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tttcctctgttactacaatgaatatattttctaggaggatcagtgtgaatttaaccaaaccaatcccatacc
caaaccagactgaaaattggttggtttggttttcgacccttgcattgaatgttaaccgatatcttgatcgaa
cgtgagtttttttttttttttttcttgtttcattgccttgtcgatcaatattgtatataacgtgatagacca
tgaacaaattgaatatcgaagtaggagttagatttctttactcgtaattaaatggggcatgcaccttgcatg
tcttatacgtattgtagcctaacatttgcggctacaaacatttgtcaccaacattttcattccagctgcttc
cacagttttgggacttcggagataatgtatatgtggatatgcatatatgaaccataaaaataaacgtttgtc
caaacaaaaccacaaatagaagtgttatccaagtgggtttgtttcatagaaaaaatattgtcactatagcaa
tttttttggttaggttaaaccttatttaatgaagtttgtaatatgaattgagatattgttaactttgcaaaa
cagagccgaaattttacgaatatctctttattaaaaataaataatataatttaagaatacttctcgggagga
atcttaatgagccgtccaggtagctgaacaactgaactttatctttgctccaaaggttatatcaatttatgt
tttcttgtagaacctatatttcatgcaaaaagttatccattaaccaatggaaattggttccgactagtgatc
aaggaaaatgatggaatcatcacgaatgagaaatttgtggtattaaatgacatagtgattaaggaaaacaaa
aagttgtaattcaactacaaactatgtcgtaactatttatattttgttacttgtcaatgttgtcatttatct
tacaaagtcaataggatagaagatgtgaaacataattacacaaaaacgatgtcatatagaaacatgcgaaat
cacataatcatttcatcacttcgaaatttcgtagatttccaatcagatactacccaatatgtttgctaatag
taagtagtaaaaaacatatgttacgccaaaaaaaacggcttttgatgtacttattttccttcatcgatccat
gaaaactgtaaaacatctcaatacaaactaaacctttccaccagtatatgtccgattcaatgtttttttact
ttgtgtatgtatcagtgtattatctgttaataaagagtaaaagaaatccattttttcttgtgaggacacgcg
gtaattaagaacaaagaagtggcacaagtgtagaaattaaactagaagtaaaagaaggtggtgcaaaggcat
gcactctaaatgaaaatacgatattgaaattcataaaagacctcacgcagtgaatgtaaatgtaaatgtatc
caacttcacaaacgtgacgtatctttgtgtatgcatacctttttctttacgttgttctaatacatatcgata
gtaataagagagagaaagagaaaaatcaagaagagacaaaagaatgtcacgagacagcgacatagtgcattt
atgaaccttgaaaagaaattctaaaccctaattatcacttgttgttgcggctgtataaatacgactttgttt
tgaagaatgtgtcgaacaaagtgaaaacataagatcatcttcttcgttgatagatcaatataggaactccag
aagagaatcttgatcaattaagtatcATGTCTCACATCGCTGTTGAAAGGAATCGAAGAAGGCAAATGAACG
AGCATCTTAAATCCCTTCGTTCTTTGACTCCTTGTTTCTACATCAAAAGGgtaaatttcatatttatctgtt
cgatcccttcatagtcaattagctagtttggatgatatagaaaaaagaactcaattcacaatcctaattatt
ttctcgaagagattggtatttttttaatgatcgttgctttcttttgttgaagttatttcgtagaggttgatt
caagatttattccaatttatttatacagacaattgaaccttctcaaattgcttatttaataggatcccagat
aaaattgtgcaggaaccaaaaatctcttagatacttataattggatcatgcatgataatctttctaatattg
gatttcccaacttactatttttggaagaaaacaaaatgttgtggcatacatatatagttaatcctatattct
cactgtcagacttccttgtttgtatatgttatgcatagactgtatatttctctttggtaactttctttaaac
aaactactcggatgcaccaatctgtttaataatcatgtggtcttgttttctatgattgatcggtattagGGA
GATCAAGCTTCGATCATCGGAGGAGTGATAGAGTTCATCAAAGAGTTGCAGCAATTGGTTCAAGTTCTTGAG
TCCAAGAAACGTCGAAAGACCCTAAACCGACCATCTTTCCCTTATGATCACCAGACAATCGAGCCATCCAGT
TTAGGAGCCGCCACTACCCGAGTACCGTTTAGTCGAATCGAAAATGTGATGACCACAAGTACTTTCAAGGAA
GTAGGAGCATGCTGTAACTCCCCTCATGCTAACGTAGAAGCAAAGATTTCAGGTTCTAATGTTGTATTGAGA
GTTGTCTCTAGGCGAATCGTGGGGCAGCTCGTAAAGATCATCTCTGTCTTAGAGAAGCTATCTTTTCAAGTT
CTTCACCTCAATATTAGTAGCATGGAGGAGACTGTCTTATACTTTTTCGTTGTTAAGgtacatatcttcatc
tacatacaaattaaatacattgttagtcaatatattgaacaaccgataaaactcattatatctatcatgaaa
ttagatggaatttggtgttatagaactattacaaagtaaaatgctcctaatgaatgatcaaacaccaattat
tgctaaaccgatgtcttgcatcgatttagttacttaaccaaattatgactatttaacttgatttgtacttct
ttaatttacaccaaaagatatatcaatattattagttaagctcaatgtatatatatatggatcagataatat
ttgtatgagtcttttgttttgaattcgacggaattaaatttacatgtgcagATAGGATTGGAGTGTCACTTA
AGCTTGGAGGAGCTAACTCTTGAAGTTCAGAAAAGCTTTGTGTCTGATGAAGTGATCGTCTCTACCAATTAA
aaacaaaattctacatgtactagagcgtgtatcgttttttgggattaataatcatataatcgttacatgagc
cttgatactttgctagaaataagctcctctaaacaaaaccttctttttaaaaaaacacacttatgttttact
tagtttgttgttgtatccgaagttgatcaacgttgtaatttcccacaataaatcatgacattttatatgcTA
A

Figure 4. DNA sequence of MUTE (AT3G06120) in A.thaliana. Black indicates the
promoter region, Red indicates and 3’ UTR. Orange and purple indicate exons and
introns, respectively. Blue boxes ATG and TAA indicate MUTE start codon and stop
codon, respectively.
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Figure 5. Diagram of the MUTE promoter-deletion constructs. Green
Fluorescent Protein (sGFP) constructs with progressive deletions of the
MUTE promoter are shown. The deletion constructs were transformed into A.
thaliana and expression observed 18 dpg (days post-germination) Expression
vectors contain 1305 (pEMA102), 522 (pEMA103), 411 (pRAB108), 229
(pRAB106), and 136 (pRAB105) bp of sequence upstream from the
translational start site of MUTE.
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Figure 6. Schematic illustration of the GWB4 “destination” vector used
to subclone MUTE promoter fragments (Nakagawa et al., 2007). The
MUTE promoter fragments were recombined into this vector at the
attR1 and attR2 sites directly upstream of sGFP. All components
within the right border (RB) and left border (LB) were transformed
into Arabidopsis. Cassette insert image adapted from Nakagawa et al.,
2007.
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Figure 7. Molecular characterization of transformants (T2) via PCR. Amplification
was performed using a MUTE promoter-specific forward primer and a reverse GFP
primer as indicated. In all panels M: DNA ladder. Lane (-) is the negative control
(untransformed wild type Arabidopsis gDNA). Lane (+) is the positive control
(MUTEpro-1956::GFP (pLJP220) plasmid). Lanes labeled 1,2,3,4, and 5 are
MUTEpro-1305::GFP, MUTEpro-522::GFP, MUTEpro-411, MUTEpro-229, and
MUTEpro-136, respectively. PCR was conducted using the primer listed below each
panel (see Table 1. for primer sequence and location).
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Characterization of GFP expression
To determine the region of the MUTE promoter required for activity, GFP
fluorescence was visualized for each promoter fragment described above. A small leaf
from 18-day old T1 and T2 plants were visualized and imaged for GFP expression using
epi-fluorescent and bright field microscopy.
Strong GFP expression was visualized in the abaxial side of the leaf in
meristemoids, GMCs, and a few young guard cell in 18-day old plants carrying the
MUTEpro-1956::GFP transgene (positive control) (Pillitteri et al., 2008). Minimal GFP
expression was also present in a few mature guard cells, but was never observed in
pavement cells (Figure 4). The expression pattern and signal strength was consistent with
previous reports (Pillitteri et al., 2008). We used this expression pattern and intensity as a
baseline for comparison with our promoter-deleted constructs.
Plants expressing MUTEpro-1305::GFP and MUTEpro-522::GFP displayed
comparable expression to the MUTEpro-1956::GFP in meristemoids and guard mother
cells (Figure 8A). In contrast, no observable GFP expression was detected in plants
carrying MUTEpro-411::GFP (Figure 8D.). The MUTEpro-229::GFP and MUTEpro136::GFP lines were also void of GFP expression (Figure 8E-F). Transgenic lines carrying
MUTEpro-411, MUTEpro-229::GFP, and MUTEpro-128::GFP were all identical to wild
type Col carrying no reporter gene. All T2 lines (approx. 25 plants per construct) showed
identical expression for each deletion construct indicating stable incorporation of the
transgene. Based on the complete loss of GFP expression using only 411-bp of the MUTE
promoter, the 110-bp region between -522 and -411 upstream of the MUTE open reading
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frame most likely contains a cis-regulatory element that is necessary for MUTE
expression.
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Figure 8. Cellular localization of sGFP in Arabidopsis abaxial leaf epidermis. (A-F)
sGFP (green) was driven by truncated fragments of the MUTE promoter as indicated in
each panel. Panel A represents the full-length promoter (Pillitteri et al., 2008). All
images were taken at same magnification. Scale bar = 20µm for all panels.
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Establishment of homozygous lines
To establish transgenic homozygous A.thaliana lines for each promoter-deletion
construct, T2 plants that segregated at a 3:1 ratio for resistance to kanamycin and
hygromycin were selected. These T2 plants represented those with a single-locus
insertion. All T2 lines tested in this study segregated at a 3:1 ratio; therefore the seedlings
counted from each segregating line were pooled in Table 2. T3 seeds were collected from
at least 5 individual T2 plants for each construct. T3 seed populations that displayed no
antibiotic-susceptible plants were identified and stored as homozygous lines for future use
(Table 2).
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Discussion
In this study, GFP was used as a reporter gene to study the expression of a serially
deleted promoter of MUTE. Very few meristemoid-specific promoters have been
identified to date and manipulating gene expression in meristemoids may provide means
for agricultural applications in the future.
In this study, a minimal region of the MUTE promoter was identified that is
required for robust localized expression. Specifically, these data revealed that critical
regulatory elements are restricted to an 110-bp region. The complete loss of promoter
activity when this 110-bp region is removed was unexpected and could suggest that the
complete set of regulatory control elements is present in this area. Alternatively, a specific
element in this region may work in conjunction with a second non-required element
elsewhere in the promoter. Complementation or assays testing whether 110-bp region
identified in this study is sufficient (as well as necessary) to drive meristemoid specific
expression would provide insight into these two possibilities. Regardless, delineation of
such a minimal promoter region allows for the identification of specific known or novel
transcription factor binding elements and ultimately the identification of the proteins that
bind them.
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CHAPTER 3
ANALYSIS OF THE MUTE’S ORTHOLOGS, PROMOTER, AND SITEDIRECTED MUTATGENES
Introduction
Identification of cis-regulatory elements
To better understand cell-type differentiation in plants, identification of the
regulatory mechanisms that control this process is necessary. Gene expression relies on
the structure and composition of its regulatory regions, which include the promoter,
introns, and 5’ and 3’ untranslated regions (UTRs) (Manzano et al., 2011). Gene
expression is often controlled at the transcriptional level through regulation of
transcription factors binding to the gene’s promoter (Brivanlou and Darnell, 2002). Nearly
all eukaryotic genes have a promoter containing a TATA-box (TATAAA) that helps direct
transcriptional proteins such as RNA polymerase II. Further upstream from the TATA-box
are numerous sequence motifs called cis-regulatory DNA sequence elements (cisregulatory elements, CREs) which further specify transcriptional regulation. These
sequence motifs allow for precise regulation of gene transcripts under various conditions
perceived by the cell.
The diversity of cell-types observed in multicellular organisms is often based on
differences in gene expression in distinct cell types. The changes in transcript abundance
can be partially credited to presence or absence of transcription factors and cis-elements
(Won et al., 2009). Transcription factors bind to cis-element sequences in plants which
recruit and activate RNA polymerase II through multiple protein-protein interactions
(Levine & Tjian, 2003). Some transcription factors regulate many different promoters and
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may work in conjunction with other transcription factors to apply combinatorial control to
directly alter gene transcription. Combinatorial control is produced through the binding of
several transcription factors to distinct CREs in promoters (Li et al., 2011).
To better understand how a gene is regulated, the promoter can be experimentally
characterized. This can be done by designing truncated fragments of a genes promoter and
assaying its function (Wassermerman and Sandelin, 2004). This is accomplished by fusing
the truncated promoters fused to a reporter gene such as luciferase, Green Fluorescent
Protein (GFP) or beta-glucuronidase (GUS). By visualizing promoter-reporter constructs
in vivo, it is possible to identify, the region(s) of the promoter necessary to drive
expression (Cominelli et al., 2011). GFP and LUC reporters allow for real-time
visualization of the sample, whereas GUS requires fixation and staining of the sample
(Yoshida and Shinmyo, 2000). Once a region has been delineated, identification of ciselements can be performed by searching established databases for conserved cis-elements
that control transcriptional regulation (Venter and Botha, 2004; Geisler et al., 2006).
Appropriate gene expression requires that transcription factors bind the promoter
in response to internal and external signals. Genomes contain large numbers of DNAbinding proteins that most likely function as TFs. Greater than 1500 plant TFs have been
identified in A.thaliana and control the expression of target genes in an of multiple gene
transduction pathway (Wellmer and Riechmann, 2005).
In angiosperms which include A.thalina CREs are typically short regions of DNA
between 5 to 10 nucleotides. These nucleotide sequences are often conserved among genes
regulated under specific conditions that specific classes of TFs can bind. For instance,
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ACGT-containing (ACGTGGC) sequences are abscisic acid (ABA) response elements
(ABREs). Genes with this CRE in their promoters are often induced by ABA (Mundy et
al., 1990). MYB-DNA binding TFs bind to the rapid stress response element (RSRE)
sequence, CGCGTT, which results in the upregulation of genes such as ETHYLENE
RESPONSE FACTOR during mechanical wounding (Walley et al., 2007). Generally in
plants CREs are not exclusively located in the 5’UTR and can be located within a gene’s
intron or the 3’UTR (Zhang et al., 1994; Fukumura et al., 2007; Manzano et al., 2011).
Sequence and expression profile experiments have increased the ability to predict CREs
based on sequence comparison.
Identification of orthologs can also help to identify conserved CREs. Performing
basic local alignment searches (BLAST) of a gene of interest against publically available
sequence databases (i.e. National Center for Biotechnology Information or Phytozome)
and acquiring orthologous promoter sequences allows for direct promoter comparison and
the identification of novel CREs. This type of analysis is referred to as phylogenetic
footprinting and identifies putative CREs by promoter alignment and identification of
highly conserved regions (Fang and Blanchett, 2006).
One obstacle that exists using sequence comparison analysis of CREs is the
identification of active elements versus ‘faux’ TF binding sites. The identification of a
particular element in a promoter does not indicate that it is an active element and may
depend further on the surrounding sequence context. The GATA-box, a
(T/A)GATA(G/A)-element is overrepresented in A.thaliana’s genome and are bound by
Zinc finger-TFs. These TFs bind to promoters of light and nitrate-dependent genes and
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can transcriptionally activate them (Reyes et al., 2004). However, the GATA-box is in
identified 27,000 times in non-coding regions of A.thaliana and is often identified at
multiple locations within gene promoters. Many of these genes are not light or nitrite
induced genes (Hudson and Quail 2003).
The importance of contextual information is illustrated by the NAPA storage gene
in Brassica napus. This gene is regulated by a basic-helix-loop-helix (bHLH) TF and
binds to the enhancer box sequences (E-box), CANNTG. NapA also contains an ABA
response element or ABRE-like element in its promoter, although NapA ABRE-like
element does not strictly adhere to the ABRE consensus sequence, NAPA expression is up
regulated in the presence of ABA (Kjell et al., 1995). Mutations in both the E-box and
ABRE-like elements are required to completely abolish NapA promoter activity (Kjell et
al., 1995) indicating that these elements work together to promote NapA expression.
There are numerous tools and algorithms developed for identifying potential
binding sites and for confirming activity of CREs. These include DNAse I footprinting,
which takes advantage of proteins binding to DNA and protecting the sequence from
digestion, however an idea of the sequence is required to determine which regions of the
sequence the protein bound. Yeast one-hybrid analysis can identify DNA protein
interactions by expressing a specific TF that has been translationally fused to an activator
protein that recruits RNA polymerase. By transforming yeast with homologous
recombination vectors containing potential TF binding sites, this potential sequence will
be incorporated into the yeast’s genome. When the TF of interest binds to the incorporated
DNA sequence it can activate selectable markers or reporter genes (Rombauts et al., 2003;
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Tompa et al., 2005; Hudson, 2008). Elements can also be identified in silico by searching
through cataloged plant databases such as PLACE, Plant cis-acting regulatory DNA
elements database (Higo et al., 1999), Plant Promoter Database (PlantProm DB;
http://linux1.softberry.com/berry.phtml) or TRANSFAC (Bulyk, 2003; Matys et al.,
2003). Currently in A.thaliana, there are about 1215 putative cis-elements that have been
identified (Zou et al., 2011).

Present Study
The meristemoid is an excellent cell-type to study self-renewal as it makes
multiple iterative asymmetric divisions before differentiation. Characterizing the CREs
that are required for specific expression within this cell-type may give insight into
stomatal differentiation and cell self-renewal (Pillitteri et al., 2011).
It was shown previously shown in Chapter 2 that a 110-bp region in the MUTE
promoter is necessary for proper gene expression. Initiation and progression through the
the stomatal lineage requires the combinatorial function of the bHLH TFs SPEECHLESS,
SCREAM, and SCREAM2 (MacAlister et al., 2007; Kanaoka et al., 2008). SPCH is
expressed prior to MUTE and SCRM1/2 is expressed throughout all stages of the stomatal
development. The current model is that SPCH and the SCRMs may heterodimerize to
promote expression of downstream targets (Kanaoka et al., 2008). It has also been shown
that plant specific Dof TFs regulate guard cell specific expression (Plesch et al., 2001;
Liang et al., 2005; Cominell et al., 2011). The very specific expression pattern of MUTE
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and its tractability in meristemoid cells makes a great system to test whether Dof or E-box
CREs are important overall regulators of stomatal lineage expression. The ultimate aim is
to identify the specific CREs in the MUTE promoter using database-driven sequence
recognition to identify putative elements in the 110-bp fragment that was previously
identified as required for MUTE expression in A.thaliana. Constructs containing sitedirected mutagenized version of the MUTE promoter driving GFP have been constructed
and will be used for future experiments.

Materials and Methods
In silico analysis of MUTE’s orthologs, promoter elements, and phylogeny
Promoter and coding DNA sequence of MUTE (AT3G06120) from A. thaliana
was retrieved from the The Arabidopsis Information Resource (TAIR) database
(http://www.arabidopsis.org/). The “Gene sequence” and “sequence viewer” tools were
used to identify the complete 1754 base pair promoter, which is the distance to the next
upstream gene (Pillitteri et al., 2007).
The Phytozome database (http://www.phytozome.org/) was used to identify
potential orthologs using the A. thaliana MUTE amino acid sequence (Genbank # 819785)
as the query sequence. Orthologs were selected based on E-value and amino acid identity
alignment scores. The amino acid sequences of putative MUTE orthologs from the
Phytozome database were aligned using CLUSTAL Omega (version 1.0.3) software. To
delineate the promoter of each ortholog, the “genomic view browser” tool was selected. In
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the genomic view browser window, approximately 1700-bp was subtracted from the
lowest landmark value and the sequence logged for future reference. Identification of
potential cis-acting elements in the A. thaliana MUTE promoter was performed using
PLACE (Plant cis-acting regulatory DNA elements) and the signal scan search tool
(http://www.dna.affrc.go.Jp/PLACE). Based on the promoter deletion analysis, the 5’
upstream promoter region between the -522 and -411 was used for analysis.
The neighbor-joining phylogentic tree analysis was conducted in MEGA (version
5.05; http://www.megasoftware.net/) using aligned sequences from Clustal W, with the
Jones-Taylor-Thornton matrix model with amino acid substitution. To test phylogenetic
robustness, bootstrapping was performed with 2000 replicates. SmSMF1, a member of
Selaginella moellendorffii bHLH protein family was used as an outgroup. Newly
identified orthologs and previously described MUTE orthologs (Liu et al., 2009;
MacAlister et al., 2011) were analyzed together.

Site-Directed Mutagenesis Entry Vector Construction
The protocol for site-directed mutagenesis was adapted from Heckman and Reese
(2007). Six PCR reactions using combinations of primers with modified sequence were
used to produce mutagenized overlapping fragments corresponding to three discreet TF
binding sites in the MUTE promoter. Primer sequences and mutagenized nucleotides are
given in Table 2. Primer pair combinations for each PCR reaction are given in Table 3.
Approximately 20ng of MUTEpro-1956::GFP (pLJP220) plasmid was used as the
54

template for each PCR reaction shown in Table 3. The following reagents were used in a
50µL PCR reaction according to manufacturer’s instructions; PrimeSTAR Buffer (1X)
(Takara Bio Inc., Otsu, Shiga, Japan), dNTPs (200μM each), forward and reverse primers
(0.25μM each), PrimeSTAR HS DNA Polymerase (1.25 units) (Takara Bio Inc.), and
sterile water. Thermocyling parameters were 98˚C for 10 sec, 55˚C for 5 sec, and
extension at 72˚C depending on fragment length (1kb/min.) for 30 cycles. These reactions
produced three sets of fragments with overlapping ends. Amplification products (10µL of
reaction + 1µL of loading dye) were loaded and run on a 1.2% (w/v) TAE (Tris-AcetateEDTA) agarose gel with ethidium bromide (0.5µg/mL) at 85V for 60 minutes. Individual
bands were excised under UV light and transferred into a 1.5mL tube. DNA fragments
were gel purified using UltraClean PCR Clean-Up Kit (MO BIO Laboratories, Inc.)
according to manufacturer’s directions.
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To amplify a full length product from the overlapping fragments, reactions 1 and 4,
2 and 5, and 3 and 6 (Table 3) were combined in three separate PCR reactions PCR
conditions were as described above except for employing 65ng of template. Using MUTE
-1219.GW and -1.rc as the forward and reverse primers, respectively the DNA fragments
were used as templates to produce the 3 mutagenized 1219-bp promoter fragments. PCR
products were run on a 1.2% TAE gel as described earlier for 60 minutes at 85V. The gel
was imaged and bands were excised under UV light and placed into 1.5mL tubes, DNA
was purified UltraClean PCR Clean-Up Kit (MO BIO) following manufacturer’s
directions. Purified PCR products were directionally cloned into the TOPO-D pENTR
(Invitrogen) plasmid following manufacturer’s directions, producing pAKM104,
pAKM105, and pAKM106 (Table 4). Plasmids were purified using Qiagen miniprep kit
components (Valencia, CA) and Uprep spin columns, (Genesee Scientific, San Diego,
CA) following manufacturer’s directions.

E. coli Bacterial Transformation
Chemically competent DH5α E. coli cells were transformed with 3µL of
pAKM104, pAKM105, and pAKM106 plasmid (approx. 75ng) using standard heat shock
protocol as previously described. Cells were grown 16-20 hours on LB media plates
containing kanamycin (50µg/mL) at 37˚C. Individual colonies were collected and grown
in overnight cultures of LB medium containing kanamycin (50µg/mL). Plasmid DNA was
purified using the Qiagen miniprep components (Valencia, CA) and Uprep columns
(Genesee Scientific) following manufacturer’s directions. Sequencing was carried out on
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purified plasmids (Nevada Genomics, Reno, NV). Bacterial glycerol stocks were made as
previously described and stored at -80ºC.

Site-directed mutagenized expression vector Construction
In a 1.5mL tube, 2µL (100ng) of AKM plasmid [104 or 105 or 106 (Table 4)] and
2µL (approx. 100ng) of GWB4 (Nakagawa et al., 2007) were combined together with 2µL
of Gateway LR Clonase II enzyme (Invitrogen) and TE buffer (100mM Tris-HCl and
10mM EDTA (pH 8.0)) to a total volume of 10µL. Reactions were incubated for 2 hours
at 25˚C. Following incubation, 1µL of Proteinase K solution (2μg) was added and
incubated at 37˚C for 10 minutes. 2µL of each Clonase reaction was added to 200µL of
chemically competent DH5α E. coli cells and transformed using standard heat shock
method. Cells were plated onto selective LB media containing kanamycin (50µg/mL) and
hygromycin (50µg/mL). PCR on individual colonies was performed with MUTE -1219
and GWB4 GFP.rc primers to confirm the appropriate constructs. Individual colonies were
collected and incubated overnight in selective LB media and plasmids were isolated using
Qiagen miniprep kit components (Valencia, CA) and Uprep spin columns, (Genesee
Scientific, San Diego, CA) following manufacturer’s directions. These reactions resulted
in the production of pAKM106, 107, and 108 (Table 4). Bacterial glycerol stocks were
made and stored at -80ºC.
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Table 5. Entry and destination vectors for site directed mutagenesis
Entry Vector (mutagenized element)

Expression Vector

pAKM104 (eBOX element)

pAKM107

pAKM105 (GT-1, ABRE element)

pAKM108

pAKM106 (DOF core binding )

pAKM109

All entry vectors were combined with GWB4 GFP destination vector
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(+)
(+)
(-)
(+)
(+)
(+)
(+)

DOF protein binding element

ARR1/2 binding element

DPBF-1/2 binding element

GT-2 protein binding element

DOF protein binding element

Helix-loop-helix binding element

Strand

DOF protein binding element

Element name

CANNTG

(T)AAAG

GCGGTAATT

ACACNNG

NGATT

(T)AAAG

(T)AAAG

Consensus motif

-434

-449

-461

-465

-486

-493

-500

Location

A. thaliana

Z. maize

O. sativa

Z. maize/A. thaliana

A. thaliana

Z. maize/A. thaliana

Z. maize/A. thaliana

Species

Chinnusamy et al . (2003)

Yanagisawa and Schmidt (1999)

Villain et al. 1996

Kim et al. (1997)

Sakai et al. (2000)

Yanagisawa and Schmidt (1999),
Plesch et al. (2001)

Yanagisawa and Schmidt (1999),
Plesch et al. (2001)

References

Table 6. Identified putative promoter elements within the -522/-422 promoter region of MUTE.

Results
Analysis of 110-bp region reveals multiple putative cis-elements involved in MUTE
regulation in planta
A 110-bp region between the -511 and -422-bp upstream from the TSS of MUTE
was shown to be necessary to drive promoter GFP expression. Further analysis of this
110-bp region was conducted using PLACE cis-element motif analysis tool
(http://www.dna.affrc.go.jp/PLACE/). The PLACE database revealed seven putative ciselements that have been identified as TF in angiosperms (Table 6). Two AAAG elements
were identified at -500, -493 and -449 have been shown to be the binding sites for a class
of plant specific TF DOF proteins (Yanagisawa, 2000). One Arabidopsis abscisic acid
response element (ABRE) was identified at -486. In A.thaliana the abscisic acid (ABA)insensitive gene (ABI5) codes for a basic leucine zipper TF that binds to the ABRE to
regulate ABA sensitive genes (Yamaguchi-Shinozaki and Shinozaki, 1993). A Dc3
Promoter-Binding (DPBF 1/2) (ACACATG) element was identified at -465, and has been
shown to bind DPBF TF 1 and 2 (Kim et al., 1997). In the -461-bp region of the promoter,
a GT-2 protein binding site was identified. The last identified putative element was at 434, which represent a bHLH binding site (CATGTG). Both GT-2 and bHLH TF(s) have
been shown to localize to the nucleus and are involved cell-type-specific gene activation
(Villain et al., 1996; Chinnusamy et al., 2003).

62

Identification of MUTE orthologs
To identify putative orthologs of MUTE across plants species, BLAST searches
were conducted in the Phytozome database (http://www.phytozome.org/). Putative
orthologs of MUTE were identified based on the similarity with the full 202 amino acid
sequence. BLAST search identified 17 putative orthologs of MUTE of which 10 had been
previously described and 7 are newly identified orthologs (Figure 9.) (Liu et al., 2009;
MacAlister and Bergmann, 2011).
Across the angiosperms, putative orthologs of MUTE are readily identifiable due
to conserved residues within the bHLH domains. The previous BLAST search identified 9
putative orthologs that have not been previously characterized. To test the phylogeny of
these newly identified orthologs to ones previously characterized, a nearest-neighbor tree
was conducted. Brassicaceae family orthologs CrMUTE (Citrus clementina), BrMUTE
(Brassica rapa), ThMUTE(Thellungiella halophila) all clustered together and had a well
supported node of 100% (Figure 10). Monocot orthologs SiMUTE (Setaria italica), and
BdMUTE (Brachypodium distachyon) clustered together into the Poaceae family with a
97% supported node. The final four identified orthologs [MeMUTE (Manihot esculenta),
PpMUTE (Prunus persica), AcMUTE (Aquilegia coerulea), CcMUTE (Citrus
clementina)] clustered within the larger eudicot cluster group which represents multiple
families, and has an overall represented node of 72% (Figure 10). All proteins fall within
previously identified clusters and further supplement previous studies (Liu et al., 2009;
MacAlister and Bergmann, 2011).

63

Figure 9. Sequence Alignment of MUTE orthologs. Clustal W was used to perform a
multiple sequence alignment of newly identified orthologs from Phytozome BLAST
searches. BOX-SHADE was used to shade identical amino acids which are shown
with a black background, and similarly identified amino acids are shown with gray
shading. The aligned sequences are listed with Phytozome accession number and
species names. MUTE (At3G06120, Arabidopsis thaliana), Aquilegia
(Aquca_135_00008, Aquilegia coerulea) Brachypodium (Bradi1g18400,
Brachypodium distachyon), Brassica (Bra040234, Brassica rapa), Capsella
(Carubv10012751m.g, Capsella rubella), Citrus (clementine0.9_022508m.g, Citrus
clementina), Manihot (Cassava4.1_021278m.g, Manihot esculenta), Prunus (Prunus
persica, ppa019299m.g), Setaria (Setaria italic, Si004438m.g) Thellungeiella
(Thhalv10022251m.g, Thellungiella halophile).
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Figure 10. Phylogenetic tree of MUTE orthologs. Neighbor joining phylogenetic tree
based upon the full length amino acid sequence alignment of MUTE (Arabidopsis
Thaliana, AT3G06120) orthologs. Nodes contain bootstrap percent values for 2000
replicates. SmSMF1 (Selaginella moellendorffii, 91359) a protein containing a
bHLH domian was used as an outgroup. Red indicates recently identified orthologs.
MUTE (At3G06120, Arabidopsis thaliana), AcMUTE (Aquca_135_00008,
Aquilegia coerulea), AlMUTE (Arabidopsis lyrata, 928234), BdMUTE
(Bradi1g18400, Brachypodium distachyon), BrMUTE (Bra040234, Brassica rapa),
CcMUTE (clementine0.9_022508m.g, Citrus clementina), CrMUTE
(Carubv10012751m.g, Capsella rubella), CsMUTE (Cucumis sativus
Cucsa.254010), MeMUTE (Cassava4.1_021278m.g, Manihot esculenta), OsMUTE
(Oryza sativa, LOC_Os05g51820), PpMUTE (Prunus persica, ppa019299m.g),
PtMUTE (Populus trichocarpa, POPTR_0008s20720), RcMUTE (Ricinus communis
29844.t000158), SbMUTE (Sorghum bicolor, Sb09g030930), SiMUTE (Setaria
italic, Si004438m.g), ThMUTE (Thhalv10022251m.g, Thellungiella halophile).
VvMUTE (Vitis vinifera, GSVIVG01017892001), ZmMUTE (Zea mays,
GRMZM2G417164). Bar indicates number of amino acid changes per 100 amino
acids.
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Site-directed mutagenesis of identified promoter elements
To identify putative elements that regulate MUTE expression, three cis-elements
were mutated in the context of a 1.2kb MUTE promoter fragment and cloned into a
pENTR vector. Each construct was tested using PCR and amplicons were run onto an
agarose gel and imaged for size comparisons (Figure 11A). The first elements to be
mutated were the DOF protein binding elements between -500 and -493 upstream of the
TTS (Figure 11B). Using site directed mutagenesis by the overlap extension method; this
sequence was changed from AAAGAGTAAAAG to ACTCAGTAACTC. The second
mutagenized element was an ABRE and GT-1 TF binding site between -473 and -462.
Point mutations changed the sequence from GACACGCGGTAA to GTGGTGCTGTAT.
The final element was a bHLH binding element -433 and -427. This sequence was
changed from CACAAGTGT to CAAGAGCAT. Sequencing was conducted on vectors
pAKM104-107 to confirm correct sequence mutation (Figure 11C).
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Figure 11. (A) Overlap extension PCR to insert mutational changes into the MUTE
promoter. The products of lanes 2-7 were generated by using LJP220 as template and
corresponding primers listed above gel image. Samples were analyzed by 1.2% gel
electrophoresis. Lane M and 1 are hi/lo ladder and negative control. Lane 2, 786-bp;
Lane 3, 746-bp; Lane 4,715-bp; Lane 5, 504-bp; Lane 6, 473-bp; Lane 7, 433-bp. (B)
The identified region necessary for MUTE expression with identified cis-elements
that were chosen for site mutagenesis. (C) Sequence chromatograms of pAKM104106.
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Expression Vector Construction
For future promoter-reporter analysis, pAKM107-109 expression vectors were
generated using the Gateway LR Clonase reaction (Invitrogen). To produce these
constructs the 1.2kb mutated fragments from pAKM104-106 were recombined into the
destination vector GWB4 (Nakagawa et al., 2007). The destination vector GWB4 contains
the GFP reporter gene with an open reading frame. To test for transformation and insert
directionality, PCR was performed with the MUTE -1219.GW and the GFP.rc primers. A
MUTEpro-1956::GFP (pLJP220) expression vector and an empty pGWB4 destination
vector were used as a positive and negative control, respectively. Positive 1470-bp bands
were observed in lanes 2 (pLJP220), 3 (pAKM107), 4 (pAKM108), and 5 (pAKM109)
(Figure 11).
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Figure 12. PCR confirmation of mutated expression vectors from
bacterial transformants. Each positive band is 1470-bp. PCR was
conducted with the MUTEpro-1219.GW forward and GFP.rc
primers.
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Discussion
Multiple cis-elements identified that may play a role in MUTE expression
In the current study, the database PLACE (http://www.dna.affrc.go.jp/PLACE/)
was used to identify putative CREs that regulates MUTE expression in A.thaliana. A
region of the MUTE promoter between -522 and -411-bp was used for the search. From
this search, 7 potential CREs were identified that may be required for transcriptional
regulation of MUTE.
The first set of candidate elements consist of 3 locations for DOF binding site at
-500, -493, and -449. These element consists of the sequence (T)AAAG and has been
shown experimentally to drive guard cell-specific gene and leaf-specific expression. It was
also shown that reporter expression was reduced when multiple elements in tandem were
mutated as compared to only one binding site (Yanagisawa and Sheen, 1998; Plesch et al.,
2001). The architecture of the DOF elements in the MUTE promoter is similar and their
location made this element a reasonable candidate for regulation of the MUTE promoter.
The ARR1 binding element (GGATT) located at -486 is another likely candidate
for transcriptional regulation. These types of proteins localize specifically to the nucleus
and transcriptionally activate gene transcription by binding DNA through its ARRM
(MYB-Like) domain (Lohrmann et al., 1999; Sakai et al., 2000). ARRs are responsive to
cytokinin, a plant specific hormone that regulates multiple functions including cell growth
and division and stomatal opening in some plants (Pernadasa, 1982; Brault and Maldiney,
1999; Rashotte et al., 2003). More recently, Pillitteri et al., (2011) demonstrated that
ARR16, a gene sensitive to cytokinin, was upregulated in meristemoids. However, this
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protein does not localize to the nucleus (Kiba et al., 2002), Hence, it may be that another
member of this large gene family that includes at least 24 members, (Sakai et al., 2001),
many of which directly bind DNA, is involved in regulating MUTE through the ARR1
site.
At -461-bp, a GT-2 binding site was also identified from the in-silico analysis. The
GT-2 binding site is the conserved sequence, GCGGTAATT. The GT-2 TF has been
shown to transcriptionally regulate PHYTOCHROME A (PHYA) in rice and nuclear
localizes (Kay et al., 1989; Dehesh et al., 1990; Dehesh et al., 1992). The GT-2 family is
highly conserved in both monocots and dicots, and has a paralog GT-2 LIKE 1 in
A.thaliana that has been experimentally shown to suppress STOMATAL DENSITY AND
DISTRIBUTION1 (SDD1), a gene that regulates number and spacing of stomata (Yoo et
al., 2010). GT-2 LIKE 1 has two similar tri-helix DNA binding regions that are conserved
with AtGT-2. This protein’s binding site has not been characterized but with its
association with stomatal development and dehydration response, it may bind the MUTE
promoter.
For a meristemoid to transition into a GMC the MUTE protein must be present.
This progression also requires the presence of two other bHLH-LZ (leucine zipper)
proteins, SCRM and its paralog SCRM2. SCRM (also annotated as ICE1) can bind to a
Myc recognition sequence (CANNTG) (Chinnusamy et al., 2003). At -434-bp upstream in
the MUTE promoter, a Myc recognition sequence (eBox, CATGTG) was identified using
PLACE analysis. This is within in the 110 base pair region delineated as important for
MUTE regulation. These individual bHLH-LZ are both required for the differentiation of
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a meristemoid into a guard mother cell. Another bHLH encoding gene that is expressed
upstream from MUTE is SPCH. SPCH is required for a MMC to differentiate and enter
the stomatal cell lineage (MacAlister et al., 2007; Kanaoka et al., 2008) showed that these
proteins can heterodimerize and may bind to the Myc-sequence to modulate the gene’s
activity.

MUTE Orthologs
Transcription factors that contain a bHLH domain are highly conserved across
species. They often participate in related developmental processes (Degnanet et al., 2009).
The MUTE protein contains a well-defined bHLH domain at its N-terminus (Pillitteri et
al., 2007). Conservation of putative orthologs of MUTE has been previously described
(MacAlister et al., 2011). This current study provided further examples of MUTE
orthologs in newly sequenced genomes of 7 species. Interestingly, PpSMF1
(Pp1s71_321V6) a gene found in the moss Physcomitrella patens contains a bHLH
domain in its 487-583 amino acid sequence. This domain shares 70% (35/50 amino acids)
sequence homology with the bHLH domain of MUTE. This gene when driven by the full
MUTE promoter can partially rescue the mute mutant in A.thaliana. A similar partial
rescue was also observed with the Oryza sativa MUTE (Os05g51820, OsMUTE) (Liu et
al., 2009) ortholog transformed into the mute background. In the instance of the partial
rescue phenotypes, MUTE from A. thaliana must contain other regions of the protein that
are dissimilar in orthologs of monocots (Liu et al., 2009). To facilitate future identification
of conserved TF binding sites in the MUTE orthologs, the promoter region upstream of the
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translational start site of the identified sequences was gathered (Appendix A). As
information from the constructed mutagenensis expression vectors is gathered, the data
from the gathered MUTE orthologs may allow for further identification of conserved
sequences across species’ promoters. This finding will give greater insight into the
transcriptional regulation of MUTE, and could identify an evolutionarily conserved
mechanism to meristemoid differentiation and stomatal development.
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Appendix A
Figure A1. Genomic DNA of orthologous 1754-bp promoters of Arabidopsis MUTE
(AT3G06120) from publicly available database Phytozome.org
(http://www.phytozome.org/). Ortholog candidates were identified based upon BLAST
sequence analysis using MUTE’s 202 amino acid sequence. Blue box represents the start
codon for the annotated gene. Gene’s name and annotation are listed above each promoter
sequence.
Arabidopsis lyrata gene 928234
AATTCCAAACCCAAACCCAAACACTGTTTAAGTCTTATGAACGAAATTGAAAAAAAA
AAAAAAAGAAAAAAAAAAACAGAATTTCAAAAGGTAAGTGTAGTACCTTAGGTTGGT
TTGTTTTAATTTGTCAAAAGAATTCATTCATTATACAATCAATTCTCTATGAGCAAACC
GATATATTTGATCAAGAGTGAGTTTTCTTTTTTTTGTTGCCTTGTCGATCAGTATTGTAT
ATAACGTGATAGACCATGAACAAATTGAATATCGATGTTGGAGTTAGATTTCTTTACT
CCTAAAACTGATGGTTAATTAAATGTGGCATGCACCTTGCATGTGTTATACGTATTGT
AGCCTAACATTAGCGGCAACAAACATTTGTCACCAACATTTTCATTCCAGCTGCTTCA
CAGTTTTGGGACTTGGGAGATAATGTTAATTATAACAAATTTTTTGTAGGTTAAAAAC
TTATTAATGAAGTTTGTAATATGACTTGAGATACTGTTAATTTTACAAAACAGAGCCA
AAAATTTACGAATACGTACCTCTTTTATCAAAAATATATACAAATTAAGAATACTACT
TGGGAGGAATCTTAAATGAGCCGTCTAGGTAGCTGAGACTTGTGAAGAAGCTTGAAC
AACTGAACTTTATGGTTGCTTGCTCCAAAGGTTACATCAATACATATATGTAATCTTGT
ACAACCTATATTTCGTGCGAAAAGTTATCCATAAACCAACAGGAATTATGGAATCATG
AAGAATAAGAAATTTGTGGTATAAATTACATGATATAGTGATTAAGCAAAAAAAAAA
GTTGTAAATCAACTAAAAACTATGTGTTAATGTTTTTGTTACTTGTCATTTATCTTTGA
AAATCGTAGGATAGATTATAGATAGATTTGAAACATAATTCCATGAAAACGATATTAC
CTAGAAACCTGCGAAATCACATAATCATTTCATCACTTCGAAATTTCGTAGATTCCAA
TCATATAATATACCTAATATGTTTGTTTAGAGTAAGTTGGCAAAAAAACATAAGTTAA
GCTAAAAATTTTGGCTTTTGAGATCACACACGTTATTGCATCTAGATTCTCTTAACTTG
TCAGAATTTAACCGTTTTACGTATTTTCATTCACCCACGAAAGACATCTCAACACAAA
CTCAAACTTTCCACCAGTGATCTTAATTAAAAAGAATGTATTGTTCGATTCCATGTTTT
TTTTACTTTGTGTATCAGTGTATATATATAATCTGTTATAAAGAGAACAAAAAAATTC
CATTTTTTCTTGTGAGGACACGCGGTAATTAAGAACAAAGAAGTGGCACTAGGGTAG
AAATTAAACTAGAAGTAAAAGAAGGTGGTGCAAAGGCATGCACTCTAAATAAATAAA
AAATTCATAAAAGACCTCACGCAGTGAATGTAAATGTAAATGTATCCAACTTCACAA
ACGTGACGTATCTTTGTGTATGCATACCTTTCTCTACGTTGTTCTAATACATATAGATA
GTAATAAGAGAGAGAAAGAGTAAAATCAAGAAGAGACAAAAGAATGTCACGAGACA
GCGACATAGTGCATTTATGAACCCTTGAAAAAAACTCTAAACCCTAATTATCCCTTGT
TGTTGCGGCTGTATAAATATATACGACATAGTTTTGAAGAATGTGTCGAACAAAGTGA
AAAAGACATCATCTTCTTCGTTGATAGATCAATAGGTACCCCAGAAGAGAATCTTGAT
CAATTAAGTATCATCATG
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Arabidopsis thaliana gene AT3G06120
TTTCCTCTGTTACTACAATGAATATATTTTCTAGGAGGATCAGTGTGAATTTAACCAAA
CCAATCCCATACCCAAACCAGACTGAAAATTGGTTGGTTTGGTTTTCGACCCTTGCAT
TGAATGTTAACCGATATCTTGATCGAACGTGAGTTTTTTTTTTTTTTTTTCTTGTTTCAT
TGCCTTGTCGATCAATATTGTATATAACGTGATAGACCATGAACAAATTGAATATCGA
AGTAGGAGTTAGATTTCTTTACTCGTAATTAAATGGGGCATGCACCTTGCATGTCTTAT
ACGTATTGTAGCCTAACATTTGCGGCTACAAACATTTGTCACCAACATTTTCATTCCAG
CTGCTTCCACAGTTTTGGGACTTCGGAGATAATGTATATGTGGATATGCATATATGAA
CCATAAAAATAAACGTTTGTCCAAACAAAACCACAAATAGAAGTGTTATCCAAGTGG
GTTTGTTTCATAGAAAAAATATTGTCACTATAGCAATTTTTTTGGTTAGGTTAAACCTT
ATTTAATGAAGTTTGTAATATGAATTGAGATATTGTTAACTTTGCAAAACAGAGCCGA
AATTTTACGAATATCTCTTTATTAAAAATAAATAATATAATTTAAGAATACTTCTCGG
GAGGAATCTTAATGAGCCGTCCAGGTAGCTGAACAACTGAACTTTATCTTTGCTCCAA
AGGTTATATCAATTTATGTTTTCTTGTAGAACCTATATTTCATGCAAAAAGTTATCCAT
TAACCAATGGAAATTGGTTCCGACTAGTGATCAAGGAAAATGATGGAATCATCACGA
ATGAGAAATTTGTGGTATTAAATGACATAGTGATTAAGGAAAACAAAAAGTTGTAAT
TCAACTACAAACTATGTCGTAACTATTTATATTTTGTTACTTGTCAATGTTGTCATTTA
TCTTACAAAGTCAATAGGATAGAAGATGTGAAACATAATTACACAAAAACGATGTCA
TATAGAAACATGCGAAATCACATAATCATTTCATCACTTCGAAATTTCGTAGATTTCC
AATCAGATACTACCCAATATGTTTGCTAATAGTAAGTAGTAAAAAACATATGTTACGC
CAAAAAAAACGGCTTTTGATGTACTTATTTTCCTTCATCGATCCATGAAAACTGTAAA
ACATCTCAATACAAACTAAACCTTTCCACCAGTATATGTCCGATTCAATGTTTTTTTAC
TTTGTGTATGTATCAGTGTATTATCTGTTAATAAAGAGTAAAAGAAATCCATTTTTTCT
TGTGAGGACACGCGGTAATTAAGAACAAAGAAGTGGCACAAGTGTAGAAATTAAACT
AGAAGTAAAAGAAGGTGGTGCAAAGGCATGCACTCTAAATGAAAATACGATATTGAA
ATTCATAAAAGACCTCACGCAGTGAATGTAAATGTAAATGTATCCAACTTCACAAACG
TGACGTATCTTTGTGTATGCATACCTTTTTCTTTACGTTGTTCTAATACATATCGATAGT
AATAAGAGAGAGAAAGAGAAAAATCAAGAAGAGACAAAAGAATGTCACGAGACAGC
GACATAGTGCATTTATGAACCTTGAAAAGAAATTCTAAACCCTAATTATCACTTGTTG
TTGCGGCTGTATAAATACGACTTTGTTTTGAAGAATGTGTCGAACAAAGTGAAAACAT
AAGATCATCTTCTTCGTTGATAGATCAATATAGGAACTCCAGAAGAGAATCTTGATCA
ATTAAGTATCATG
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Aquilegia coerulea Aquca_135_00008
GGGGGAGGGGTTGTTTTGTTGATAACAATCAGTTGTTTGCTGAAACCACCTCCCAGTT
GAAGATTTAATTAATTAAATGCTATTAAGTTAGTCGACATATATTATTTGTACTTGCTA
CTGTTGTTTAGAATACTTATTTTTATTCTACAGCCTTCGGAAGAATATCAATAGAGTGA
ATGCACAACTTCAGCTATGGAGAGGAAGAGGAATAGAAGGACGTTGGATGTACAACA
CCCAGATATCTGTAGATTGCACCGTCGCTGTCGCTATCAGACTGCAGTATTTTCACAG
ATGTAGTCTAGAAAGTTATTGTTGTGATTTAACATGGAACTACTCTGGAAGAGCAAAT
TTACATTGATATTACTTGTTAAAATCCTTCAATCAGAGAGCTGGTATATTAATTTCCCC
CACCACATTCGACATATTTATTACTCCAGTACCCGTATGAGCTATGTTTTGGATGTACC
TAATTATGAGTAATTCTCCACCATGACTGATGTACAGTATGTATTTGCAAAATGCAGA
AGGAAAAAAAAAAGTGGTAAATAATACTGCACCATATGCTTGTGAAATAAGTTTATT
ATGATTCACCCTCCCTAGGTCCCTATATCATTCAATCCCTCACGGGTGTTAGCTCACAA
CTCTAGTGAGTTTCTTTAATAGTTTACCTATTGCTTAAGGCTATTGTTTAACAAAGTCA
TATCCCCACTGCAATGACTATTGCCAATGAGACTTTGTGCCATAAAGTGAATTGTGCG
ATCAGATTCAGGTAGCTCTATATCAAGTGAAGAGTTCGATTGCTGAATTTCTGAAAAA
AATAAAAAAATCAATCTTTGAAGCATTGGTTCAATTTTACGCACTGGTAATGAATTCA
AAAAGTATGGTAAAGTGATCAAGTTGAAGATCGAAAAATCCCATATACTGCACACTG
ACGTACTGATCCAATTGGCGAAAGTGATTTTTATACAACCTTGTTCACAAATTCCTATC
CAAAAGAAAATATTCTGCAAAGAGAAGATTCAAATATTGGAATTGAGTTGTCTGCTGT
TCATGGTCATAGAATGATGTAATTAAATCTGGTAACCAGAGTTGGCTTGTACTGATTG
TCCGTATGCCTGAATCAAGCCACTGGGAGCTATTAGCTTTCAGTGATCGTAAATATAC
AACTGGTATGCATCAATGTATGTATATTAAAAGGGTGTTAATATAACCAATATCCAAC
AGTAAACAGATCGTATACATATCTCTGTTAACACATTCAATACATTAAAAGTACACGA
TGTCGCCGTGAAGACAGTAAGTGAAATCTCTGTTGATGTACGCAGGTGTGCAGTACAC
GCGAGTTGTACATGGAAGAACATACTGCATGAAAATGGTCGACATCTATATAGGGCT
AGATTAGCATGAAATGATGATTGATATAGAGGAAACAACAAGTGGACTGTTGGGCTA
TACATGAGACACATGAGAAGAACATTCCTGTTTAAATCTCATGCAGCTCCTACCTAAT
GGAACCAAGAGAACTAACGTGAAATGTAATTAAACATACAAAAGAGTTGTGTGGAAG
TTAAAAGAGAATGAAACTCACGAGACTGCAACATTAAGCATTGAATGAGCTTAACTC
TGCTTCTATTTCATACTGTGAGGGTGTTGTGTATAAATTGAACGGGTACTTTTTGTTAT
AGAAGTAGGCCCGATCAAGCCCCCCAAACAGTCAAAGAAGTACTACTACAACACAAG
TAAAGCTATCTAACATG
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Brassica rapa gene Bra040234
TATCAAAATATATTTAGAATTGGTGGAATGACTATTCCATTCCATTCATATCAAATGG
TAAAAAAGTTTTTGGAATCAATGGAATCCACCATTCCACATCATTCTATTCTAAAATA
TTGTAATCCAGTTGCACCCGTGTTTTTCTAATAAAAACATTGAAAAATTCAGAATTTTA
TAAGATGATGTACCTTGATTTGCTGGTTCTAATTTCTCAAATAGAATTAATATTTCATA
CAACCAATTCTCTATATTTATTCGGACAAGATATGAGTTGTTTATTTGATTATATGCAT
TAATGAATGCACAACATATCTTGATCGAGCGTGAGTTTTCTTATTGTAGATTGATTTTT
TTATTTTATATTTTCGTATTGCCGATCAGTATTATATAACGTGATAGACCATGGACAAA
TTGAATAGCGATGCGTTTTAATTAAATGGGGCATGCACCTTTGCATGTCTTATGCAAA
TTGTAGCATAGCATTGGCGGTAGCAAACATATGTCACGAACATTTTCTTTCCGGCTTC
CTCATTTCTTGGACTACTGAAAAAACTCGAACAACTTAATAAGTTTGCGACGAAGTTC
CTGTCATGCATTGGAGGAATATGTTAACTTACAAAACAGAGCCGAAAATTTAAGAAT
GTCTCATAAGGAAATAATTTAAGAATTTCTAGTTTTGGGAGGAATCATAATGAGCCGT
CCATGTTAGATGAGACTCGTGAAAGAAACTTGAACAACTTAATTAGGTTGCTATGAGG
GTTATATTTTCTAAAAAAAAAATATTCTTGTAGATAGAGCTAGAAACTGATCCAGAAA
ACAATAACGTGAGGTTCGATCGATAGGTGATTAAACATAACCGGGGTAATACAACGG
GAAAACAAAATTGTGGGATTAAATGATAGAATGATTAAGCAATAAAAATATGTAGTT
AACTATTAAAAGGTAAACAATAGTTAAATTATTTAGCAAAAAATAAATTTAGCAAAA
AAAAAAACAATAGTTAAATTATACATTTTATTTTATTTATTCATCTTACAAAACCATTT
GATGGATCTAAAATTTGATTCCATAAAATATGAATTCCGTATAAGATACCAAACATTT
GTCTATAGAGCATTCAAATAACAAATCAAATCAAAATTTTGGTGATCGTGATGAATCA
CTCCATATACAAACTTTAGATCACACATTACTGCTTCTAATTAGTATTGCTTGGAAGAT
ATATACTTACTTACATTCATCCATAAAAACATCTATATATATTAACACAAATTAAACTT
ATATTTTAATCCAATAGCTCATTTAGTATGGAAATGCAGTAATTTAGAGCTAAAAAGA
GGCACAACGGTAGAAACTAGAAGTAAAAGAAGGTGGAGGAAAGGCATGCACTCTAA
ATGAAATTACAATATAAATCATAAAAGGCATCACGCAGTGAATGTAAATGTATCCAA
CTTCACAAACGTGACGTATCTTTATGTATATGCATACATTTTCTCTACTTTGTACTTAT
ACATACTGATCAAGAGAATAGTAAGAGAGAGAAAGTTAATAAGAGAAAAGAATGTC
ACGAGACAGCGACATGGTGCATTTATGAACCCTTGAAAAAAAATAAACCCTAACTTT
CTCTCGTTGTTTGCGGCTGTATAAATACCACGTTGTTTTGAAGAATGTGTCAAAAAAG
GTGAAAAGTGATCATCTTCTTCTTTATAGATACGAACCGAAGAAGAGATATAATTGAA
TATTAGTCAAAGATCATG
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Glycine max gene Glyma13g27880
TTCACTTAAGAGATCATGGTTAGAATATATGAGTAGATGCAGGTAATAATTGAAGTAA
CCTTAAATAGAGAAAAATCCTTAACATTACTAAGCCCCCAACATTCTCATTTTTTGAA
TTAACCTTTATTTCTAATATTGGTTTCTCTCATCTTGTCTGTTTTAATTAATTAATTTAA
TTTTATGTTTGTTTTTCTCTCTTATTTATTTTAATTCAATTTTATGCCAAATTATTTTACT
AATCTTTTCACAATCTTTTAAACCAATTTAACTATTGCTTAATTTGCTTAAGAAATTTT
TTATTCATCTACTTAAGTATGAATAAAATTTCTGTAAACTTGACACTCAAATTTCTATT
TTCACTTTATATAAATTAGTACACTCATCAATCATTCAACATGATGCTAAATTTTTGTC
TTAAAACTAATTTCTTTAACTATAGTCTAGTTTAAGACGACTCCTCCTTTTTTTTTTTTT
TTGGTGATTGTTTAATACGAGTCCTTGTGATGCCAAAGCGGGAAAGGCTATGTTTCAA
TTTTAATTAGTTTTTGTCGAGAGGAGAAATAAAGTTGGAAAGTGGAGTATAAAAGAT
AAAAGCTTTCTCTTAACTTTCGCGTAACCACTTTGGTATTTTGCTTTGTTAATGTTCTTA
ATTAAAAAGCTTAATGAACTACACGGATACCCATACAGCTTTGATATGATCTTTAGTC
TTTACATGTAGAGGAAATTATTAGCTGCTGCACGGATACCATACACTACTCTTGTTCA
TGTTATAAAAAAGAATAAAAGTATTTTATTATTTATTCGTAAATAATTTATTCCTTACA
CGAATATTAAATTTATAATCTATAAAATTTATATATTATTATAATTTCTAATATATTTA
TTAATTATTTTAATTTTAAAAAATATATGCTGGTATACATATATATATAGGTATTAATA
TGAATCTTAAAATTTATTTAAATATTTTTTTCTAATTATTTTAATTTACGTATTCTTAAT
AAACATTCATATTTATATATGTACATATATATATATATATATATATATATATATATATA
TATATAATAAAAGATATTAATAATAAAAGCCACCTCCAATTCCTTGAATAAATTTATG
AAAATGGCAAACTTATGCCCAAATTGTTTGTGGAATATTCAACTTCAACATGATTTTC
TCCTTTAAAGGATACCTGGGTCTAATCCAAAAAAAATAAAAAAAATTGCTCTCGGAA
CAACACCAATCACTGGAATTGCAAAGGATAAAGCCTTACAAAAATTCTGAAGCAGAC
ATTTTGGAACCCGCCAATGTTTGGGAATAATTGTATTGTATGGTTTCATCATGCAACTA
AGTTGATGAGCGATGAAGACCTCGGCAAGGCATGCATGAATGAAGGAAAGGGAACA
GATAAAAATGCATGGGAGAGCTGAGAAAATAACCATCACCCCGTTTTAACTCACGAG
GGCACGTAATTGACGCAAGATCATAAACGTGAGACGCGTAATGTTTTTAAGCAAGGA
AAGAGAGTGTATATGTGTGTGTGTGTAAACTACGTTAAAGAATACTTCACGGGAAAG
CAACCTATAGCATTTATTACGTTTTTGTTTTCCGAACTCCTACTCTTACTTTGGCTCGTA
TAAATACTGCATACTTTGATTTGTGTGGTGAAAAGATCAAAAGAACTAAGTAGCATAA
AACAAGAGAGAGAGAGAAGGCATAGCACACTCTCAACCATAGTTATCTAGAACCAAA
TCATG
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Manihot esculenta gene cassava4.1_021278m.g
AATATCTAAGTCATCCCTAGATCACCTATTCAAATAAATATATTTGGAGCTAAGGCAA
TAATATGTTAGTAATGGGTGTGAAAATATTGCCTTACTTAAGGTAGTGGTTTTGCAGC
AGTTTAAAATTGTTGTAAAAAAAAATATATATATATATAATTATATGTTTTAATAATTT
ATTTATTTTATGTTTAATAAGACCATATTTTTAGCAGGGATTTTGAAATTAATTAAACT
AATTTTTTATGGTACAATAGTGGAAGCAGATTGATTATGGCAAACAACACTACAATAG
AGGGAATGATGGTATTAAATACTCCTCGCTGGTTAAAAGAGGGCTGGAATGACACAG
ACTTTAGTATTTATTTTGTCATGGGTGGTCTCTGTTACCAACTAGCCATGAGAGAGAG
ACTGTGTGATCGAACAATTTTAGTTCCTTGCAGTAATTGGTAAGTTTGTATTTGTAATC
AATTGAGGATACAAGGAGAGGTTTATACAGAACGGCTACATGAGGGTGGGTGTTCAT
GCATGCATTTGTGATTTGTCATTCCACCCCTTGCTAGACAGTTAATGTTTGATATAAAT
CCACCTGAATTTTACTTTGCAGTTATAGGTTGGGAGCTTTGGCACAAAAAGAAGAGAG
GACAGAGGACCGAGTACCGTGCTGTGCCCTAATAAATTAACAGCATTATGCTTGTTGG
AAAGCACGCTCGGCAAGTTGCTTCAATGTAAGCTGAGAACCACCTCTCTCTCTCTCGC
ACACAAGTTTATCAGGCAACTAGCCACTAATTCTATATTTGAAGTAACGGGGTTGATA
ATTGAAGCCACTTTTTTGCTCACTATACAAGGTTGTCCGTTTGACCAGGAAAAGGACG
GCACGCTTTCGTAATCAAGCTGGGTTATGGCAAAAGGCTAAAAATCATAGGGGGGCT
TCTGCATTCTGAAGTGAGATTTCGAAATCAGACTGCCAATATCTCTTAATAGCCACCA
TGAACTACTATACGCTCTTTGAGCATGTAATCCAAGACATGAATAACATGTACCAGTA
AAGCTATTTAATTCAACTAAGCTTCCAGAGGGCTTGTCCGTAATTAGTTGGCTCAACT
AGCTAATATCAAATTCAATAATATCAAGAGAACTTTAGAGACCAAGATTCCCAGTCTC
ACAGAGGCTGACTATATTACACTACAACATCAAACAGATCTTGATATCACGGTATGAG
GACTGCTAAGGTACTAAGGGCCTTCGCAGCATTATACATTGACAGCCATAAGTATGCG
TGTGTTTTCTTTTTGTAAGGTCAACAGCATAGATACACGTATACATCACTTTCTGATAA
GAAAGGAAATAAGAAAAAAAAAAAAACAACACGCAAAAAGGAGAATTTACACTTAA
AACTCACATAAAAGTAAGCATGCAATGACAGGTATGATAAAAGGGGAATGTGCATGA
AGAAGACATACGGGAAGTTAAGGAACAACAACCTTCCCCTTGTTTTAACTCGTCATGT
AATTGATGGCAAGGTAATAAACGTGAGATGTAATATCTCTAAGAGAGAGAGAGAGAG
AGATGGCGAGTGAGTGACCAAGCACCTCACGGGACTGCAACATAGAGCATTTAATAT
CCAACCGAGAAAATAGTTTTTAGAATCTCACTCTTAGTTTCCAGCCCTATAAATAGAT
AAGACTTTTGAACCCTAAACTGAAATGCAAAAGAAAATATATGTATTTATATATAATC
TTGTTTGAACGGGAAAGATG
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Oryza sativa gene LOC_Os05g51820
GCCTCTGCCTCTCCGCCACCGCGCTCGCCCAACTCCCTTGCCGCCGTCGGCCTGCTCCC
GCCCGTCGCCGTCCACTCCTCAACCGCGTCTCCGCTGCTTCCTTAGCCACCGCCGCTGT
GGGCTCGCCTTCGCCGCCCTCGCTTGCCCGCCGCCACGTGTCGCTGTACCTCACGCAG
CTGTCGCCGTGCTCCGGGAGCCCCGCCATGGCCTCCCGTAGCACCACGCTCCTCATCT
TCTTCATCGAGCCCTCCTCACCGCGCCGCCCTTTCTCTGCCTCGCCGCCGTCGTCGGGA
GATGACGGCCTGGCCCTAATCTTCTCTGCTCCTCTAATTGGTCCCAAACCGGCGCCCG
CAGCGCGTCGTATGCCGCCGCCGCCACCCGGAGTCTCGCGCCTTGGCGTCCTCGCCGC
CACCGCCCGGGCCTCTCTGATGGCCCGACCTCGAGGTCGCATGCGCGGTGAGCCTGTG
ACGCTCTCCCATCTCCCGCATCGTCGACGACGCCGCCGCCGCCGCCGCATCGCCAGCC
AGCCGGATGTCCTCTCCCACCTCGCCTCGACGAGCTCCCCACCTGCCGAGCATCCTGC
AGAGGGGAAAAGAGAGAGAGAGAGAAATAGAGAGAGAAGAGGAAGGGGGAGAAGG
GGGAAGGGAGAGGTGCTGACTGTACACCCTGACATGTGGGACCCACGTGGGTCCCAC
GCTGACTCAGCCGCCACATCGGACGAAACCGGGATCAAAACCACCGAAGGACCTAAA
GTGAACAGTTTTGTAAGTTGAGGGATGTCCTATATCTGGTTTTGCGGTTGGAGGATGA
TTTTATAATTCGATGACAAGTTGAGGGACCTTCGGTGTACTTTTTCCAAAGCTGGAGC
GCCGTTTTCCTTGGATCGGCCCGGAAGCTTAGTGGCTCGGCCCAGTTGCGAACAAAAC
GAAGGGGAGAAACGATGATCGGCCCAGTTGTGGCAGGTGTTCAAGCCGGAGTGGAGC
GGAAGAGAAGAGGAGACAATGACATGAGTAAAAAATCAGCAGGGTTGCATTACTCC
AATGGATCGAGCTGCTGTTCGTTGCCTCCTCCTTGATTTACCTCTGTCGCAACGAATCA
GCTAGCATCTTCTTCTTCAAAAAATAAAAAAATAAAAATAATTAAAAAGAATCAGCT
AGCATCTTCTTCTTCAAAAAAATAAAAAAAATAAAAAAAAAGAATCAGCTAGCTAGC
AGAATTAATGTGGCGGAGGAAAAAAGAAAAGGCGAGCATGCGCACGAGTTGAGTAA
CGTGAGATTACTTGCTGAGGTTCCAAAGAGTTGCCGGTATGGAGGCATTGAGTGTGCA
TGGGCGCGGGCGCTTGCGCTTGGTCACGGTCACGGGGACATGATGATCGAGCTAGCT
GCCGGCCCAGCGCGCTGCCATTAAATCTCGTCACATATATAGTACGTGCATACATGTA
TGCGACCGTGTACAAGTTTATTTGTGCGTACGTGGGCCCACACGCACGTACGTACGTA
CGTGAGCTTCTACACTCACACACTCCATACATGCATCCACGCAGATAGACCTGCCGTA
ACTTACTACTACTACTACTACTACTACTACTACTACTACTTTGTGTTGTGACAATTAAT
GCCATATGCATGGCAGATTGGCATATATATACATATTCGATATGTGCTAACCTAGCCA
AGCCAAGACAAGCCAAGCCAAGCAAGCCGTGGTCCGTGGAGCTAGCGCATCGACAAG
GTCGTAAGTAAATTAATTAAGTTATG
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Populus trichocarpa gene POPTR_0008s20720
CTTGTTATTGGCTAATCTGGAATTATATCATTTTAGTTAAAAATAAATGGGTTAACTTT
TGATCTGCAGGCTGATCGGTAAACCAATAATCTAAATCTTGGATATAATTCTTACTCT
CATGAATTTTAAGAACTAATTTGTTATCCAAGACAACTCTTACAAATCCAACACAACT
CCCATGGATATTACTCCGAACTAAAATGAAGCATGCATGTGTGTGTGTGGAAAATGAT
TCATTGCCAGCAGGATGCTATGTTAATGGATGATGGGAGAATTTGATGTAAATAAGAC
ATTCCCAATGAGTTTTACAAAAACGACATAATACGAATATATCGTCAAGTTAGCAATT
TCTTACTGTTATTAATTTATAGTTCTCTACTCTATTTTGTTATTCTGATGTGTGCCTTCA
CATCTCGAAATTCAATGTAAAATATTACACTTAATTTCACCAAATAGACGCAATAAAA
ATATAATGTAATTTTTATCAAACAATCATCTCAATTCAATAACTTAAACTGTTAAGTG
AGGTTTTAAAATATAATTTATATTATTCTCTAACACTCCTTTAAGTCATAAAAGCCTTT
TGGGTTTGAAATTTGCACACATCCACACTTAATTTTTATCACAATATTTTCTAACACAC
CCCCTTAAGTGAAAACTCTTTGGACTTGAAACTTGCACAAGCTTACACTACCTCGTGC
TTAATTTTTATCACATATATAGAGATAGTGAGATTCGAACTCGTGACCACTTGATCAT
CAAGACTCTGATATTATGTCAAAGAACTATCTCAACCCAATAACTTAAACTATTAGAT
AAAATCTAAAGATATGATTTATATTATTCTCTAATATTTTTCTAATCCTATACTATATT
TTTGTAATTCTTGACATGTAAAAAATAATAAAAATACATTTTTAATAGTTTTAAAATG
AATTTTTATGATTTTAAAATATAAAAAAATGAGATATCTGTTCTAATTATTTTCATATA
TTTTTTTTTTGTTTCAATACGATAACAGCTGTTACATAATAATATCACGTTGTGGCATG
CACTATATACGCACACATTTACCGGTATTTAACACTTCTACGAAAGTGGTTGGGTGTG
AGTCGAGCTAGCTAGTAATCACAGTCACAGAGCACGCATGTACGGTGAATGCCATTG
TGGCATGTTATGCTTTACAGGAAATGTTTACACATTAAAAGGGCGGTATTACATTGTT
TTCAGTGGAAATTAGAACTTGCATATATCAATCAAGGAAAATGTGTAAGTATATATAC
ACCATGCATATGCATGTAATATATATATATAAATATATATATATATATATATATATAG
AGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGTTAAGGAAAGGCAACGC
AACAGCAGTTCATTTTAACTTCATGCGGAGCATGTAATTGATCCAAGATAATAAACGT
GAGACGTAATATCTATGTACCTACGATAGACAGAGAGAGAGGGAAGAAAACTAAAAT
AAGAGGGAGCAGTAATACTGCCCAAAGAACCTCACGAGAGTGCGACATGGAGCATTT
AATGTTAACCCAACAAAGTAGTTTGGTCTGCAATCAGTCGGTCTCTCTCGTTCTTGCCT
GCATTTGCTAGCTGCTTATAAATAGCCAACATCTTTTGATCTTTCTTTTCATCATCTGC
AGAAAGAGCAAAAGCTTAACCAGTCATACATATAGACCTGTTCAGTATTTGCTGGTAC
CAGAAACAACATG
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Prunus persica gene ppa019299m.g
TTAGGCTTAAGAATTCACAAATGATTCACTTTCATGTATAGAGAGATGATTGGACCTA
TAAAGGAAAAGTGTTTTGAAGTTGGGCTTGGAAAAATATTAGTTATGGGATTAGAAA
TTTAACATTAGACTTAAATAATTTAAAAAAATTTAAAAAAATACGTAGTCAATCTAGT
CTAGTCTAGTCCGGTTGTGTAAGATGTGAAATCCTGTCAAGGCAAAATATGTATCAAA
TAGAAGGATGAGAGTGAAAATGGAAGGAAAAAGAAAAGGGACATAATGGTTGGTTC
ATGCCAAAACCAATTAATTTGGCGGGAGATTAAAAGCTGGTTATGCTCATGCCAAAA
CCCAAACTCCAGTCTCCTAAGAAAATAGATGATAGCTCTCTCTCTCTCTCTCTCTCTCT
CTCTCTGTGTCTGTGTTGTCTGTCTGCTCATTCTTTTAATTTATAGTTGTGTTGGGCATG
AACCCATTTACGTAGAGTATGAATTAATACATGTCATGATCAGAATGTCATACTATAT
AATATATATATATTTCAGTTCTGTGAGGTTGATGGACATTCATTCTCTGCGCCTCATAA
AGTCTCTTCTCCATGGAGGATCCAGCATCATCCGGGCTGCTCCTATACCTACCTAAGC
TAAGCTAGTAAGCTTACTCTTGCCCACCCAAACAAACAAACAAACACTAGAGAAGAG
ATCATGCAGCAGTAGCAGAAGGGATAATTAATTTCTCTTGAACAATTCAATAAAAGC
ACATGATCCTGGGCCAAAGTCAGAACAACTTGAAGCCACCCACCCCAGCCACTTGGC
TAAACAAGCACTATATGTATATACTCATTTGGCTATAATTAATAATACTTCTGACACG
CATATTGTTCCTAAATTACGAAAGATTTCATCATCTTTCTTTATCATATTATATATCAC
TAAATGAGTAATATTTATACTAATTAATGTTCAATTAACTCCTACTGCCTAAATCATCA
TGCATACACACAGAATAATGTGTCACATCCTAAAACAAAACAATTTCAATGAAAAAT
AAATAAACTTCTTTCCAGTGCAGTAAATATTTTTCACGTGAAATTGGTAGTTCAGTTTC
AACCAGTAGTGAACTTTGGAAGTCCCATGAGGACCCCGATGGTTTTAGGGTCTGCGCC
CATAAGCAAGTCATTGTATTTATTATATATTATTGTAAGCATGCATTTTTCCAACAGAT
CAGAGAACTTCAATGGTGAACTTTGAAATTGGATTTCTTTCAATGTTCACCAAAATGG
ACCCATGTAAATTGTAATGTATAGGAATAGGATCGATTGAGGAGATGAAAGAAGTGA
GCATGTCATGCATGAGAGAGAGTTATAGAGTACCAGCTAGAGATAGCTAGATAAATA
TGTGCATGGGAAAGATAAGCGCAACTCTAACTCTTCCTTCTTTAACTTGCACGGGGGC
ACGTAATTGAACCCAATTTCATAAACGTGAGACGCGTAATAGTATATGCTACCAAGG
GGGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGA
GTAAAAAAGAACTTCACGAGAATGCGACCTAAGGCATTTAATGCAGACCCAACAACA
GGTGGTTTTTTTTGGTCCATTTTGGGTTTCTTTCAATGTATCTCTTATAAATAGCAGAG
TTTTTGAGTTGGTGTGTGGACGAAAAACAAATTGCAAGAGCTTGAGAACAGAAAACA
ATAAAACAAAAAGAAGAAAACCATG
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Ricinus communis gene 29844.t000158
GATTATGGGGACTGCATTGTATATCTTGGAGATTGACAATAGCTGCAAGGCTCTCCAT
TGTTATGGTGAGAAAACTATATCATGGGGAATCAGGGAATTAAAATATCTGAATGTTA
TAGAAAGCACACAAGGATTGCAACAGATGATGTTATGATAATATCTCCCTGATCGAA
AGAGGGTTAGAATGTCATGCCTGAAGTGTTGAATATTTATTTCATCATGTATGCTCTAT
GGTTACCAGCTAGCCAGCCATGAAGGCATTATAACACAAACTGATGAGAGAGGGAAG
ATGACCCGTTGATGCTCAGCACATGTAAAGACTGTTTTAGGGTTTAATTTCATCAACA
GTCATTGCCTTTATTTTTCATTTCCTTACGGCCTCTCTGCCTCAACTAATCGTAAATTGG
TCCCCTAATTTTAGTTTTTCTTATATATTTCATACTTTCATCAGAGTCAAGTAAATTGG
ACAATAAGATTACTAGCATGGATTGCATCAGAGATGAATTATCTAATGTATACAATTA
AATTACTCAACAAAAAAAAGCAATAAAAAAAAAAGTTAAATTACCAAATGAAATTAA
TAAATTTCATAATAGAATTAAGTAAGAAATGTAAGTAATTAACACAGGACTTGTGCA
AGGGTATGGAGTTGTATTTTCCCATGTTCCAAACAATTAATGTAGATATAAATCCTCC
TGAATTTTACTTTGCGGCTATAGGTTGAAAACTTTGGCACAGAAGAAAAGGGGAAGG
GAACTGACTAGCATCCAGTCCCCTAGTAAATTAACAACATTATGCTTATTGGAATGCA
CGCTCTGGTGGATTGCTTGTGTTTGCAAAGGAAACTGGGAACAAGCCTTTATAAAATC
AGCAAGTTGGTCAGATCTGTACTTAGTAACTTCGTAGGGACTGTGAAGAAAAGGCCA
TCTACATATTTAGTGAAGTGGCAGGAGTCACTACTTGGCAAAATTCTTTCACTCTTACT
GTTGTAAATCACAAGAAAAACTAGAAGTTTTCGTTGTAAATTTATGGTGGGTTTCTGA
ATTCTGATCACCAGAGTCAGGCTGTGAATAGATTGAAGATGTCCAAGATCTTCACCCT
GATCACATTCACTTCAACAACTGCTTATTCATATGTATGTTATTTAAGCATACTAGAGA
ATAATAAGCTTCAGGAATTCTTGCAAGTACTGGCAAACAAACCACGAATTAAAAGGG
AAAAGAAAAGGCAATTCCAATTAATGCGCAATTGTTATTGACTATGTGTGCTATGCAT
ATATGATACTTAAATTTATTGTTAAGGACGTCAATAGTGCATATATAAAAGTTGTTCA
AAGAATAAACAATTATACTGCAAGTCACATAAAAAAATGCATGCAAGGAGACACTAT
TATAAGATGGGAATATGCATGAAGAAGACATAGAGGAAGTTAAGGAACACCCACCTT
CCCCAATTCTTTTAACTCACGCAGACGCAGACGCAGGTCATGTAATTGACCCAAGGTA
ATAAACGTGAGATATAATTTCTACAAGAAAGAGAAAGAAAGAAAGGAAGTTAGAGG
GAGAGAGAGAGTGATCAAGAATCTCACGGGAGTGCAACATAGAGCATTTATTATCTA
ACTAAAGAAAGTTGGTTTATACTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCAA
TTTGTTTCCCTATAAATAATAAGACTTTTGAAACCTAATTATCAAACCCAGACCTAAA
AGAACACGAAGAGTCGACATG
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Setaria italica gene Si004438m.g
AGAGGACGTGGGATAACTTCGATTGGCGGATGAAAACGACATTCAAAGCTAGACTAC
AGCCTTCCAAGCTGCACCTTAGCAACCGATACACCACCTCCAATGGCTGCCACGATCT
TGTGAAGCGTGTCACCCGGCCACTAGGGCACTTATCATGCAAGAAATCGAAGAACTA
GCAAGAACAAGTATAACAAGTACTTAATTTACTAGATGAAGATGAAGGTTTCAAACT
CAATCTGAAATAAGGTGGGGTTTCGAAGATAAGAAGACGAGCGGCTGATCTAGCACA
CGCGCTTACAAGCAAGTAGCGAGTGCTAAACTTGATCTAAACAAAATCCAACTGTCCT
TGGTGGCGGCTATGGGGTATATGAAGGTAGGAGGATGACCACCAGGATGTTGAGGTC
GTGCTCCAACCCTAGGATGCGTCCCTAATGGACCCGACTAAATAGATGGCCTATTGGG
CCAAAATAAGGCGACGCAGCACCTTTAGATAGAAAACCTCTCGATAGTAATTCGGTC
ATTGCGACCTCCTCAGAATTGATATAGACTTGAGTCTAGATCCATATGAAAATAGAGT
TTATAAGAATTCCATGAAGTACTTAAATATCCCAATCCGAGTCCGTATGCGACAGTGG
TGGCCATCACAAGTTGGTCCTGTCCTGCAGGTTGGACCTGTCCTGCAGTCCGAATCCA
ACCTGCGCGAATCCTTTTCCCTTTCAGTCTTCTCCCCAGTTCCTAACTCTCCCCGGTTCC
TAACCAAAACAAGAGTGCACGCGTCTTCATGGTCTAAATATGATGGATAGGAACTCA
AGAGTAAACTTACTTGATGATTAAGTTGACGAGCACGGGCGCGAGTAATAGGACAAG
AAACTGTTACTTGTATCTGTGAAGAAAATGATACTTGTATGGGCGTGGATGTATCGTT
GATGGTGATGTCCTCGTCACTGGGTTAACAATCTAGCAAGTGATGTAACTTGCATATA
ATTTGATTAATTAATCACCGATCATGCTCCGAAGCAATAGAGAAAGAGTATAGCTAG
GTTACTGCAGCTGCTTCGTTTCAATTTTTTTTCTTTCGTTTCAAAAAAAGAAAGGGTTA
CTGTGCTGCTTCTGCAAACAGGATGTAGCTAGACGTATACGGAACGCGCATGCTGGTA
TGCCGCACGCTAAGTTATTCCCGATCGATCGGGTCATGCACACAAGCATGGCCGGCCG
GTGTCGCTGTTGCGCCCAGCTAGCTTGTTGCACGAACTCCATTCACCTCCGATCCCGTG
CATGCCGCGGCGCTCCATCCGTGCGTGCATCCTCCATGCATGCAACAGGTAGCTGGCT
ACTCGTCGTTCCACGCGCGCACGGTCACGGCGGGGACATGCATGCATTGCATCTATCG
CATGCTGTTGCTGTGTGTGGATCGGATCGGATCGGAGCAAGGCAGCAAGCCAGCCAT
AGCACAAGAGATCGATCGAGTATTAATATTTAAAATAAAAGGCGATCACACATACGA
CACCGCTGCATGCACCATGCGTGGTCCCCACCCCGCGCCCGCGTACGTGCAACTGCAA
CTGCGCTAGCTGCAGACATGTACCAGGCGCCGAACCTTCTTCCCTAGAGCTCCATCCA
GAGCAGGGACGACCGTACCCTACCCACCATGGATGCATATATATAGCTGGGTATCCTT
GTTGTGTTTGCAGCTAGTAGCTACATCAATCACATCGATCATCCATCGGCCGGACCCG
TCGACCAAGCAGCAGCTAGCCATG
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Sorghum bicolor gene Sb09g030930
AACCTGACAAAATTCTTATATGTGTTGGCACAAAAATAATTTAATAATTTATAATTAT
TTCTATGGTTAGATAAGGACAAATTTTTGATATAACATTGTGACATAAAGACAAATAA
CAAATCATAGTGATAGTTTGCTTGTTCTAATTGGTATACAAGAGTGGTGCCTAAATCA
TTTTAAAATTCAGGCACCTGAAATATAGGAGAAGTACCCAAAATAATTTCCAAAAGTC
CAAGAGAAAATCATCAAAATTCTTAATCAGGAAACTAGTATTTTGTCGTGTATTATTC
TCGGAATGTATATGTGATCAAATAAAAGTGACGTTTCCAATATTCCTTAACAGATCGA
GTGCAAGATTAAAATTAGATTTCAATTTGAAACCAAATTTAAAAATATATAAAATAAC
TTGAAAATCTCCATGAATCCAAAACCGGATCGCGGCTGTATATATATATATGGCTCGA
CCGAACAGGGGGTGGCCGGCCCGGCCGGGGTTGAGTTTATTTGTGTGTGCTTGTCTTT
TGTAGACGCAGCATGCATTGCATTGCATTGTATGGAGTAATAAAGGATACGGTATGTA
GGGGCGCGCGCGCACACCAACACACACGTATTGTGGCCGGTTGCGAGTAAATGCGGC
GCCCGGCGGGGCGGGCCATACGTGCTTTGATGGATCGATCGTTGCTGCCTGTTTCATT
GCGTTCATGCAGATGAACTAGCTAGCAGCATCTATAGATGTATTTTCTACGAAGATGT
ATTTTGATTTAAAAGTAAATCGATATGATATATGTACTAGTAACAATAATTTTAATTCC
AATAATAATAGTGTATATCACCAGTTATTTTAAAATTGATACGATGTTAGACTGAAAA
GGTATTAATTTGGAGTACGTAATATAACAATCAATCAAGCTAGCGACATAAAAGTTGT
ATAGTTTTGACTAACCATTGATCCAACTTACTACATTGACTAGTTGACCTGCCACTGGC
ACGCAACGTGAGTGTTATTTTGGATCGCGATCAGCCGGCCGGCCGTCCGGGTCATGCA
TATATACTCGTGTACGGTGCAGTGTTGCAAGCAGCAGCTCACAAATGTACTATAAAAT
CATGGGTAAAAGTATTATTCATTAATTTGTTATAAGAAAAAAAATACTGTTGAATGAC
AAGAGATTCGGTAAGCTCACGTACGCATACTACACACGTAGTACGTGCCTCGCGCTGC
ATTCGTGGGTAGGTAAAGCTGGCAACTTGAGGATGCCCATGCACGCGCACGGTCACG
ACGGCGACATGCATGCATTGCATTGCATTGCATTGCATTGCAGCAAAGACTAGTCATG
CTGTATGTCTCTCCTTGCATGCATACATGCATGAGGCGATCGATCACACACGTCGAAT
GCATGCATGGTCCCCCACCCCACCCCACCCACGGCAGCGTACGTAGAGGGATGCATG
CATGCATGCATGGTCGTACCTGCAGTCATGCACTGCGTACAGTCCACGAACCTTCTTC
CAGCCGAAGCCGATCAATGGAAGATACATGCATGGATGGATGCAACAGCTAGCACAT
ATACACGTCATCCATGCATGTATCTTCGTCTTCTTCATTCCCCAGACCGACCTGCAGCC
TCTCTCTGTATATATGTATATATATATGCAGCTAGCTAGCATGGCGTCCGGCCAGCTA
GTGCATGCTATCTCTGGATTCGCAGCTAGCTAGCTAGTGGATCTATCTATCTATCTATC
GATCAGGATCGAATATG
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Thellungiella halophila gene Thhalv10022251m.g
ACGAACATTCTCTTTGCAACAGCTTCCACATTTTTGGGGACTTGGGAGATAAACAAAA
AAAATTGATCACATCTTCCAGTTTACTTTAACAATAAGCTAATCATGCATGCACATTG
TGCAGTGTATATATGTGTTATTCCACTGGATTTGTTGCATACCGCAATCAAACAACTTG
CTTTTTTCCTTTTTAAGTTAAAACTTTTTATTAAAATGAAGTTTGGATTGGAACATTGT
GGAGTTTACAAAACAGAGCCAGATTTTAAGAATACCTCTTTTATACTAAAAAGTAAAA
ACAAAATAATACTATCAATTAGAATACTACTTTTTGGGAGGAATCTTAATGAGCCGTC
CAGGTAGTTGAGAGTCATGAAGAACCGCCTAAAAGAACTGAACTTCATGCTTGCTCC
AAAGGTTATATCAATATTTCTTTAACAATACGATTGCGGTTTCGATTGGTAACACAAC
CCGGAATAATTAGTGGAGTGGCCTCAAATAACATACCGAGTAAGCAAAAATGATGTA
ATTTTTACTAGAAATCTGCGCGTAATTACATTCTTTTGCTACTTGTCATTAATCTTACA
AAATAGCTGGATAGATGGGTCTAAAAAAGAGTGTATTTAGTGAAAATTAAAAAGTGA
AATCGCATAATCATTCCATCACATTCCGCAATTTCAAAGATTGCCATTCATACTCTTGT
CTGTAAATATTGGCCAATGTGTGTCTACAGTGACTACTTAAAAATTCTATATATCAAA
GACTTTGGCGTTTATAGATTGCCTCGTACGTACGTGTAAAAAGCATTTTCTGAACAAA
ATTTGACTACTATAAATAAATTAATGAATCTACAATTGTTGGCGTTCATGGATCACTG
GATATAAAAATTAGATTTTTGGGATATGCAATGTTTTTAAATTAAGTTCCCACGTGAA
CGTGATCATATAATTGGTTCAACGTAACGCCTTTCTCAACTCTATAAAATTTTAGGATA
CAGTGACCGCCTTTCATTATATAGTGATGTGTAACCGGATAATATCAAACTTTTCTAG
AGGAAACACTTGCTTTCTTCTGTGAGATGAAATATGTTTTTTGTAATGTCCGTAAGACC
TTTTTCGTTTATGTTATGGTAAAACCGTAAAACAATTAAGGACACCTTTTATTGCTTCT
AATTTCTCTAAACTTGGCATAATAGTTTATTTTATGGCTCATTTATCATTAAAAAATAA
AAAATCTCAATGCGCACTCATAATTTCACCAGTAATCTTAATAAATCAAATCAATTTG
TTTTTGGTTAAAAGAACGCGGAGATTAAGAACCAAAGAGGGGCGCAAGGGGTAGAAC
TAGAAGTAAAAGAAGATGGTGCAAAGGCATGCACTCTAAATGAAAAATACGATATAA
AATCATAAAAGACCTCACGCAGTGAATGTAAATGTAAATGTATCCAACTTCACAAAC
GTGACGTATCTTTGTGTATGCATACCTTTCTCTACTTTGTACTTATACATATTGATAGTT
ATAAGAAAGAGAGAACAGTAAGAGAGAGAAAATTTATAAGAGACAAAAAAATGGTC
ACGAGACAGCGACATAGTGCATTTATGAAACCTTGAAAAAAAAATATAAACCCTAAC
TATCTCTCATTGTTGCGGCTGTATAAATACCACATTGTTTTGAAGAGTGTGTCGAAAA
AGGCTTAAAGCGATCATCTTCTTCTTTATAGATAGGAACTGTCGAAGAGAGAATATCA
ATTGAAGAAGAAGATG
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Vitis vinifera gene GSVIVG01017892001
ACTTAATATATCAAAACCACTGGAACTCCTTGTCGTATATGATTTTTTGCTCCTTTTTA
GTTGCTCCGTCTTACAGCGAACTAAAAATATGCATGTTAAGACCTTATCTTGGTAGGT
AAAAATGTAGAGAGAAAGAAAAAGAAAAGACGAGGAACATCCCATGAAGCACCAGG
AGTAGGATACAAGGTGATACTAGGAATAGAGAAATGTATATGGAGTGCTTAAACCAC
CACCTTTTCAAAACGGTGCGTGTAGAGAGTCTTGTCAGAAAGTCAGCACAACTAAAA
CTGCATATGAATGGAACTTGAATCCATTACACTATGATCATTCTAACTGTAAAGTTCC
CTACAAGTTCTACTCAGTTCCGTGACTGTGTTGAGTTTTTTCCTTTCTATTGTTTATGAT
TGATGTTGATATATGATAGCCAAACCATATGATTATGATATGATAGTAACTGAATCAT
GAAAACCCCGGTCTTTGTTCAACCCTGTGTGCCCATTTAAGAGGTCATATTGTTTACAT
AAAAGATTGTTGATACTCCGCGCTTCTGGCGTTCCACGTAGTTGCCAAATGGATGGAC
GCGCAACCTCAACCAATATAGGTTATTGACTCAGTCGGTATACCTGCAAAAGACGTCC
GGACAGGGTGTCCGGACGCACCCTCTGATGGTTTTGTTAGCCATTGTTAGAGAGGGAG
ATATAACTCAGTTGACATTTTTTCAGGTCTCCGGGGATTACCTTCCTCTTCGTGTGAAG
GTTTATATATAGTGCCAGGAGTACTGTTCCTCTCATTAATGGTGGGGAGATATTTTATG
TTGTCATGATGATATTTAGATGGTAGCAGAGTCATCACCACCCTACGGGTGACTGTCA
GAAACCGTGGTAGGTGATGCAGCTGTCAGAGATCGTGGGAAGTGACTTATTGTCACCT
CAACCCATCCTTTCACTCTGCAGGTGATGGGACGTGGGCCATGGTTGGTTGTTGTGAT
GGCGTGTAAGACTCGCTTTACTTTAGTCAATGATCCGGACAATCATATCCGGATAGCC
ATGTTGGTTATCAGGATGTATTGTGGAGCGGATGCATTAATGGAAGTCGTCCGGATGT
CTATGCTTTGTAAGCGTCGTTTGCTCTTCCTTGAGGCAGTCCGGATAAAAAGTGCGCC
CTGTGTGCTTTATAGGAAGATCCGAATGAGGATGACCCGGATGACAATGTGTGTTATG
TGTCACTGTAAGATGCGTGCCACGTGTCACGGCAAGATGCGTGCCACGTGTTCTCGGA
GGGAGGGGTCCCTACAAAGATCACACACAACAATGGAAAACACTGGTGCTCTTGTAC
GTGTGTTGAATTCTTATATATATGCTCGGAAGGTGTTGGGAAAATATACAGATCATGT
ATACGGCAGAGAGAAGAAAGTTTGAGGGATGAAGAGGTGAGCATGGCATGCATGAT
ATAGTGAAAGGGGCAGGTAATGTGCATGAGATAGACGGGAAGAAGCCCTTGCCTTCT
TTTAACTCACACGGGGCACGTAATTGACCCAAGATAATAAACGTGAGATGTAATATAT
CTACCAGAGAAGAGAGAGAGAGAGGGACATCAGTGGAAGTGACCTCACGAGAGTGC
AACGTCTCGCATTTAATGCCAACCTACAACTAGTTCTGCCACTCTCATATTTGCTGCTG
CTTATAAATAGAGAAGACTCAAGACTTGTGTGTGTGTCAGCAATATTGTGTGGAGAGA
CTTGTTTCAACCACAACATG
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